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Arcos now offers with confidence Stainlend Elec- 
trodes for Alternating Current Welding (Equally 





satisfactory for direct current, reversed polarity). 


Now available in these grades: 
GRADE NAME POPULAR NAME r'YPE No 
Stainlend K 19/9 308 
Stainlend 19/9 Cb 19/9 Cb 347 

ainle N 25/2 3 
a —e 8 Mo pe New Arcos Electrode Specification Chart gives 
Stainlend HC 12 309 useful information on all Arcos Ferritic, Non- 
Stainlend 25/12/Cb 5/12 Cb 309 Ch a 
Ferrous, and other special alloy electrodes. 
If you require other grades for AC Welding, let 
us know. Contact your nearest distributor. 


W% 
Arcos CORPORATION 


401 NORTH BROAD ST., PHILADELPHIA 8, PA 


Distributors Warehouse Stocks in the Following Cities: 


Baton Rouge, La. Wm. DPD. Seymour Co Milwaukee, Wis. Machinery & We 
Borger, Texas Hart Industrial Supply Co Moline, tit. Machinery & We 
Boston, Mass. H. Boxer & Co Inc Montreal,Canada.G.D.Peters &‘ 

Buffalo, N. Y....... Root. Neal & Co New Orteans,. La. 

Chicago, tlt. ..+Machinery & Welder Cort New York. N. Y. 

Circinnati, Ohio..... Williams o 2 Oklahoma City, Okla. . Har r i i y 
Cleveland, Ohio ........Whiiliams 4 ‘ ne Pampa, Texas Har ndustrial Supply 
Columbus, Ohio .... Williams o. ne Pittsburgh, Pa. V 

Detroit, Michigan....C. E. Philips r c Portiand, Ore. 

Erie, Penna. evecces 3 Rochester, N. Y. 

Fresno, Calif. Victor Equipment Co San Diego, Calif. 

Ft. Wayne, ind..Wayne Welding Sup. Co.,. Inc San Francisco, Calit.« 

Honolulu, Hawaii Hawatian Gas Products, Ltd. Seattle, Wash. 

Houston, Texas Champion Rivet Co. of Texas St. Lowis. Mo. 


Kingsport, Tenn... Slip-Not Belting Corp. Tulsa, Oklahoma. ....... Hart Industrial Co “QUALITY WELD METAL 


Los Angeles, Catit. Victor Equipment Co Wichita, Kansas Watkin Inc E A S | L Y D E Pp 0 S$ | T £ D ” 
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YES, IT'S "SIMPLIFIED" ARC WELDING 

..-and no effort at all to get the 

right voltage and amperage combin- 

ation for every type of work. The remarkable sta- 
bility of the arc and the handy controls make it the 
favorite of all weldors. 


EXCLUSIVE DUAL CONTROL AND REMOTE CONTROL.....can be 
found on no other arc welders. Just think, 1000 conm- 
binations of voltage and amperage without a single 
dead spot. Besides this close control feature, you 
also get remote control with Hobart which makes ad- 
justments possible at great distances from machine. 


THERE'S NO GUESSWORK WITH A HOBART: It's a cinch 
for veterans and beginners alike to get the right 
welding values, infact, as easy to get 
as the right station and the right volume 


on your radio. 


HOBART ELECTRODES AND WELDING MACHINES... 
-.-.are the complete answer to 

your welding problems. Weld- 

ors everywhere like Hobart e- 

lectrodes for their welda- 

bility and characteristics 

for making strong, ductile 

welds. 


HOBART BROTHERS CO., Box WJ-104 TROY, OHIO 


"One of the World's Largest Builders 
of Arc Welders” 


Gand for Catalog / 
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Check here for 
Catalog showing 


requirement, AC. and DC 
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HE 18-8 type of stainless steel is used almost ex 
clusively in the manufacture of exhaust collectors. 
Let us review very briefly two of the points which 
cause the welder and user of this steel difficulty: 


Carbide precipitation. 
Distortion. 


How can we control the above two points? 

[he carbide precipitation can be controlled, first, by 
the addition of stabilizing elements such as columbium or 
titanium. However, even with the addition of these 
elements, some precipitation still occurs. Second, it can 
be controlled by the length of time which the steel is un 
der the welding heat. 

The distortion can be controlled, first, by the use of 
suitable welding fixtures; second, by the length of time 
the part is under the welding heat. 

It was this time element which led our company to 
start experimenting with this process in the early part of 
In our Dept. 17-04, at Factory A-2, we were fab 
ricating some experimental stainless steel heat exchang 
ers. The material was relatively thin and during the 
fabrication of these parts, by the oxyacetylene process, 
considerable distortion was encountered. It was then 
decided to use the helium-shielded are process. We 
found that distortion was very slight and our welding 
time considerably reduced. 

Figure 1 shows a section of the heat exchanger. The 
plate is the Type 347 stainless steel 0.042 in. in thickness, 
as are the tubes; holes are punched and flanged in the 
plate with tubes inserted and a standing-edge weld is 
then made without the use of flux. Inasmuch as we 
had considerable success in fabricating the heat ex 
changers by this process, it was decided to investigate 
the process further to find out its production possibilities 
in the manufacture of our exhaust collector. Further in 
the paper we will discuss some of the laboratory tests. 

This process is quite similar to the oxyacetylene in 
manipulation of the torch and rod in that the are sur 
rounded by the helium blanket may be likened to the 
oxyacetylene flame, the material being added from an 
outside source being common to both processes. In 
fact, we have found that a good oxyacetylene welder is 
more easily adapted to the process than a metallic arc 
welder, probably because of the similarity of the welding 
technique of the two processes. The same Army 
welders’ qualification test is required for this process, as 
when qualifying a welder on the oxyacetylene process of 
welding stainless steel. We use a commercial helium of 
98% purity which can be supplied by any of the well- 
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* To be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland 
Ohio, Oct. 16 to 19, 1944. 

| Assistant Superintendent Manufacturing, Factory A-2, Lockheed Air- 
ralt Corp 





Helium-Shielded Arc Welding oi 


Stainless Steel Exhaust Collectors 


By Francis H. Stevenson! 
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known gas manufacturers. The arc machines we us¢ 
are 150-amp. d.-c. generators of standard manufacture 
The helium-shielded arc-welding process makes use of 
an electric arc applied to the metal being welded through 
a tungsten or carbon electrode. In the welding of stain- 
less steel a carbon electrode is used with straight-polarity ; 
electrode negative, work positive. Helium gas is allowed 
to flow through the torch, around the electrode and on to 
the molten metal, thus shielding the arc and molten 
metal from the atmosphere which in turn prevents ox1- 
dation. Helium is an inert gas and will not unite in any 
way with the elements of the molten weld puddle to form 
a new compound. 

We will now discuss the laboratory tests which were 
used to determine the physical and metallurgical results 
between the oxyacetylene process and the helium- 
shielded arc-welding process. 

A number of specimens were prepared, both in the 
columbium stabilized (347) and the titanium stabilized 
(321) stainless steel. The specimens were 4- x 6-in., 
0.042-in. sheets with one 6-in. edge of each flanged. 
These parts were then placed together and tack welded. 

One group of these specimens was coated very lightly 
on the underside of the weld joint with stainless steel flux 
and welded with the helium-shielded are process. The 
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oxyacetylene process was used in the welding of one 
group. 

Specimens were also selected and welded using a copper 
back-up plate without the use of flux. 


Figure 2 shows view A, material flanged; view B, ma- 
terial fluxed; view C, material after welding; and view 
D, copper back-up plate. 

The weld specimens upon which the flux was used were 
processed as follows: 

(a) Oakite bath (Oakite Railroad Cleaner), 

(6) Pickled for 20 min. 

(c) Sandblast welded area only. 

Specimens welded using no flux on the back-up plate 
were processed as follows: 

(a) Stabilizing heat treatment at 1800° F. for 15 min. 

(6) Welded area only sandblasted. 


The specimens were then cut into the standard 1-in. 
side tensile coupons, and pulled by the Physical Test 
Laboratory to determine the ultimate tensile strength. 
The variation in the ultimate tensile strength of the cou- 
pons from specimens processed by all methods was small 
enough that no strength advantage could be claimed for 
one process over the other. 

The following table gives a summary of tensile results. 





No. 
of Method Protection, 
Speci- of Underside Ultimate Load 
mens Material , Welding of Weld High Low Av. 
16 347 Oxyacety- Fluxed 3815 3280 3548 
lene 
16 347 Helium- Fluxed 3970 3170 3720 
are 
8 347 Helium- Copper 3920 3000 3367 
arc backup 
11 321 Helium- Fluxed 3850 3590 3774 
arc 
} 321 Helium- Copper 3900 3635 3759 
are backup 


Sample welds were sent to the Metallurgical Labora- 
tory for weld structure examinations and photographs. 
All metallurgical specimens were given an embrittlement 
test as follows: 

1. Heat at 1200° F. for 2 hr. to cause precipita- 

tion of carbides not stabilized by previous heat 
treatment. 
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2. Immersion for 60 hr. in copper sulphate-su!p) 











‘ huric 
acid solution (Krupp reagent) to cause e; brit 
tlement, where intergranular attack is Possible 
due to precipitated carbides. 

3. Drop test on steel plate to check for characteristic 
“ring’’ of steel not embrittled. 

!. Bend test to determine the degree to which ste¢] 
subject to the above test can be bent Without 


fracture, the said steel should bend 180 
















































































































































After processing, metallurgical analysis and photo 
graphs, drop and bend tests were made. For compara 
tive results the above was also followed using the ox) 
acetylene process. 

To illustrate the effect of excess amounts of carbon and 
the presence of oxygen while welding, photomicrographs 
of a weld made by substituting CO, gas for helium ar 
shown in Fig. 3. The carbon burnoff from the electroc« 
was approximately three to four times the rate obtained 
with helium gas. This weld has good ductility and 1s 
considered satisfactory for applications not subjected 
to heat in service. Poor quality of the weld after being 
given the embrittlement test is evident as shown in Fs 
+. Also it did not have the characteristic ‘‘ring’’? whe: 
dropped on the steel plate. Further, it was not duct 
and broke immediately after starting the bend. 

The specimen shown in Fig. 5 was welded with a re! 
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tively low rate of travel and it will be noted that there is 
onsiderable carbide precipitation near the margin be 
tween the weld material and the parent metal 
Figure 6 was welded with a high rate of speed and 
shows considerably less carbide precipitation than Fig. 5, 
ilthough the welding conditions were the same in both 
ses with the exception of the rate of travel. This il 
lustrates the desirability of shortening‘ the period of time 
it which the weld area remains at high temperature. 
Therefore, the conclusion may be drawn that the high 
rate of travel results in less conduction and shortens this 
time interval. 
rhe following is a short discussion on the welding tech 
nique used with this process. As stated previously in the 
paper, the conventional d.-c. motor-generator arc-weld 


unit of 150 amp. capacity is used for the weld power sup 
ply. The helium-shielded arc torch is fitted with a car 
bon electrode using straight polarity (electrode negative, 
work positive). 

Figure 7 illustrates the shape of the electrode and shows 


the torch used. The electrode should be allowed to ex 
tend beyond the end of the torch tip approximately ' 

in. when welding butt or standing-edge seams. A 
slightly greater extension is required for welding corner 


STAINLESS STEEL 


fillets. Helium consumption of approximately 5 
per minute is required. 

It is advisable to have a flowmeter attached t 
standard regulator, this gives a more constant flow 
helium to the torch. Where welding flange-type seam 
with a copper back-up plate, they should be welded in 
flat position. If no back-up plate is used and weld fis 
tures are not available, tilt the work as shown in Fig. & 
his will help to prevent burning through by encouraging 
the molten material to flow in the direction of the weld 

When forming exhaust stack parts of similar assemblies 
made in halves and then fitted together to be welded, it 
would be preferable to have them formed in steel dies 
If all the operations cannot be performed on steel dies a 
least the finish operation should be so completed. The 
flange should be formed with a radius of '/;, in. This 
will be found satisfactory on all gages which normally 
would be flanged in this manner for welding. The flang 
height of approximately three times the material thickness 
is satisfactory and should be uniform along the entir« 
seam. -This will permit the welder to make a much mort 
uniform weld and with the addition of very little filler 
material. 

A very light flux is necessary where the flang: 


Fig. 7 
burned down to form a flush weld. Fluxing is not neces 
sary for tacking, standing seam weld, or where a copper 
back up plate is used. However, in the use of a copper 
back up plate, it must be clamped tightly to the under 
side of the joint to exclude the air and serve as a chill 


EXHAUST COLLECTORS 










The following current settings are recommended for use 
with a machine of 150 amp. capacity. 


1. 0.058—60 v. and 75 amp. 
2. 0.030 to 0.040—60 v. and 60 amp. 
3. 0.011—50 v. and 30 amp. 
4. 0.020—60 v. and 48 amp. 


On some joints where it is not desirable or possible to use 
flux or a backup, a small copper tube may be formed to 
fit the joint and drilled with a series of small holes through 
which helium could be admitted to blanket the area. 

It might be timely at this point to say a little about the 
weld fixtures. The original drawings for the weld fix- 
tures were obtained from an eastern company. We have 
improved these as shown in Fig. 9. This fixture is made 
up of two castings in which each half of a section is 
clamped. They are then brought together by an air 
cylinder. Because these castings and the finish die were 
made using the same basic pattern, the parts will come 
together without hammering or twisting. When the 
fixture is closed the welder usually tacks each end of the 
part and then he may start welding the seams and usually 
starts the welding from the center and works out. You 
will notice that this fixture is motorized enabling it to be 
turned as welding progresses. 

The parts are put into the fixture by the metal fitter 
and taken out when cooled. Because the parts are 
cooled in the fixture no dinging is required to round out 
the parts. The ports and other openings are sized on 

. 
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a tee 
Fig. 10 


the swage block. These blocks are operated by an air 
cylinder. — & 

The parts come to the welding shop from the dr bat 
hammer and hydropress department. Most of the se ert 
tions were formed in starter dies on the drop hammer ad W 
They are finished in a finishing die on the hydropr 8 
Figure 10 shows a completed collector ring welded by th tt ie t 
process. heads se 

Through the use, and the previously mentioned test saath 
it has been determined that the helium-shielded ar . 
process is superior to the oxyacetylene process in th 
welding of exhaust collectors. The area susceptible t 
carbide precipitation is less, due to the speed and con + Th 
centration of heat plus the protective helium blanket 
around the weld and the rate of cooling. 

The 347 grade stainless steel stabilized at 1800° F 
15 min. shows more carbide precipitation in the area ad 
jacent to the weld than the 321 grade but this does not 
show any deterimental effect on the properties of the 
weld as shown by the results of the bend tests. The loss 
in titanium due to welding has not affected the strength 
of the weld, probably due to a decrease in carbon co! 
tent in the same area which results in approximately the 
same titanium-carbon ratio as in unaffected areas. 

It must also be remembered that with this process a 
with any other welding process the parts must come to 
the weld shop correctly formed. Also good weld fixtures 
are essential. 

By the use of the helium-shielded arc process and the 
combination of the above points the Lockheed Company 
was able to save $43,000 in one year. 

I wish to acknowledge the help given me by F. ( 
Pipher in his Engineering Report No. FP-1091, also Jac! 
Porter of Lockheed, Plant A-2, Dept. 17-04. 
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Arc Welding Practice in the Steel 
Foundry 


By Frank Kiper and Lawrence Gabes 






r IS not our intention to imply that our welding 
practices necessarily are representative of those 
employed in all steel foundries. We do, however, 
vlieve that they are typical, to a large degree, of those 
und in the more progressive foundries. Ours is a com 
inv of five divisions, and in these various divisions ws 
ike castings varying in weight from 2 oz. to 50 tons 
We have on our books orders from the Army, Navy, oil 
refineries, rolling mills, railroads, heat-treatment equip 
ment builders, etc. Actually we are what most steel 
foundries are, although we do not like the name, larg: 
bbing shops; and we have welding problems such 
st steel foundries have. 
[here is a great deal of difference between ‘knowing 
w to weld” and “knowing welding.’’ We have 
few men in our organization who know welding. Thess 
ew have set up our practice, taught many other men 
nd women how to weld and are held responsible for 
quality of welding performed in the various shops 
sto a large degree through their constant surveillance: 
t we have been successful. We make all the per 
nissible repair welds which our various orders’ specific 
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tions will allow, and we make quite a lew assen bly welds 
as well. Our top management realizing and working on 
the idea that a job cannot be properly don without 
good equipments has supplied us with adequate amounts 
of the best equipment available. As this paper proceeds 
and from the accompanying illustrations, this will be 
come apparent as will the fact that our “know welding 
men have set up practices which are easy to follow and 
which fulfill all specification requirements well 
iccepted good practice principles. 

In four of our five divisions carbon and low-all 
steels are made; while in the fifth, high alloys are mad 
Of the four, one is an acid open-hearth shop; all the others 
are acid electric shops. In the carbon and low-all 
steel shops, the allow steels are kept separate from thx 
carbon steels for the purposes of welding and heat treat 
ment. All alloy steel castings and those carbon steel 
castings having 0.35 carbon or more are preheated t 
500° F. and welded before they have cooled to below 
300° F. All welding is done on the castings after they 
have had a preliminary normalize or anneal and befor: 
the final heat treatment. If a defect appears after th« 
final heat treatment the casting is again preheated, 
welded and stress relieved. In the case of a major weld 
the casting receives a complete reheat treatment. ( 

: : : bon steel castings are welded either before th 
3 operation is done after the normalizing treatment and pri . ee a as ; 
; welding. Many surface imperfections are removed by ma or before the draw. his prac tice assures U I str 
ng, which eliminates unnecessary welding relieved welds in all cases and of heat-treated welds t 


Fig. 1—Rough Machining of Castings 


~ 
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Fig. 3—Magnaflux Inspection 


: 
ing the chipping operation the castinc 
ures the 


removal Of every ' 


almost all cases. We have found this practice to be well 
worth while, especially on the higher quality castings, 
from the standpoint of eliminating hard spots and rend 
ering our casting more machinable. 

Another practice which we have established is the 
rough machining of the castings prior to welding. This 
removes many surface imperfections and consequently 
reduces the amount of welding per machined casting. 
We mention this because we feel that it is worth while, 
ilthough few foundries have adequate machine tools to 
do as we do. We sell a large number of semifinished 
castings, which affords us an opportunity to incorporate 
this practice. 


The North Plant is a specialty shop where many of 


the breech rings for our Army’s guns, up to the 8-in. 
size, are produced. The steel is produced in a 15-ton 
acid electric furnace. It is aluminum killed and of a 


Fig. 4—-Preheating for Weldi 


ngs are preheated to 5 


ng 
F, in such a cham] eT 
on them before they 
The preheat reduces the danger of 


shock of weld ld metal 


; 


the welding is done 


arc OT 


Welding Booths 


we 


medium manganese molybdenum analysis 
dition to the breech ring other high-grade 

castings are produced such as spring seats 
and gun component parts such as yokes T 
is done on these castings after the primary 
ment and the machining operations have 


Fig. 6—Welding a 75-Mm 
I sn positioned for 


. Breech Ring 


14S Deen f tl 


weilaing 
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this process the castings are brought to 500° | 
natural-gas flames. The doors to the chamber 
ated manually and are counterweighted for 
operation. The castings are pushed through by 
jack. The preheat cycle takes about 40 min 

From the preheat chamber the castings are pushe 
down a conveyor to the welding booth, which are equipped 
with 400-amp. motor-generator type welding units of 
popular make and an exhaust system for the rem 


sot 


ormed The de fects are removed by chipping ind ‘ 
erinding on conveyor lines under inspection. The ca 7 ens 
ings are next magnafluxed with a 600-amp. dry powder Fig. 9—Final Inspection 
magnaflux—surging to 900 amp. After the inspector ts U eo RING ung 
satisfied the defects are all removed, the castings are con : mist co 
veyed to a preheat chamber This chamber is 36 in 

36 in. x 20 ft. long built on the conveyor line. In 


of welding fumes 
is located icross travel, 
hoist for use by 
tioni 
ing mav be done h 
\ carbon-moly (50 molly 
shield arc electrode is ust 
ard Sizes are a 
in. rods are used on 
Chis particular electr 
either on straight or r 
and is used according], 
the type ol weld being 
operator Most of the 
with reversed polarity 
have iccess to the 
and th nd back 
casting 
200° F is checked 
Stick) before welding 
ings are completely 
allowed to cool to roo1 
in still ai Che welds ar 


by chipping and grinding 


directly into the heat tre 
heat treatment the wel 
again magnafluxed 1 
breech ring or other hig! 
lie at a ee ing gets to our final line wit 
ncn Gen dante teteeeet tnmniidiinn Mess ann Wea i i This partic 
) 1-4 


emplovs welders 
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Fig. 10--General View of Welding Booths for Small Castings 


thea ty > rye th < 
ne type i ins 


3 
upphed for 


t system in it. 


ill castings. Every ba 


eYxYNAL 


In addition to the ‘‘breech ring’ welding described 
ibove a slightly different setup is used for another type 
of casting produced in the North Plant. A large num 
ber of valve bodies and like castings are produced. The 
bodies range in size from 8 to 24 in. and from 150 to 1500 


lb. The high-pressure valve bodies are, of course, made 
in low-alloy steel and are preheated to 500° F. before 
welding with a carbon-moly electrode. The low- 


pressure (300 lb. and under) valve bodies are welded 
with a low-carbon steel, shielded-are electrode of the 
straight polarity variety. The defects on this type of 
castings are prepared for welding by either the chipping 
hammer or the oxyacetylene gouging torch. Of course, 
when the gouge is used the slag resulting is removed by 
the shipping hammer. The welding is done by six 


welding operators, and 300- and 400- amp. motor 
generator units are used. 
[he South Plant is a small castings plant. It pro- 


duces large numbers from a few patterns—all of only a 
few pounds weight. For this reason they are easily 
handled, and most of the welding is done by women. 
Che steel is produced in 5-ton acid electric furnaces, and 
in addition to carbon steel, a modified NE 9430 steel 
(nickel-chrome moly) is produced. The alloy and 
carbon castings are kept separate for welding and heat- 
treating purposes. All carbon steel castings are pre 
pared for welding by chipping on wooden benches, in 
spected and loaded on skids for conveying to the weld 
ing booths. 

The welding booths are constructed on plywood and 
are approximately 9x 10 ft. and 8 ft. high. Each booth 
is equipped with an exhaust system. A roller conveyor 
runs along each side of these booths and a cross-over sec- 
tion runs through each booth. Each operator has a 
100-amp. motor-generator welding unit at his disposal. 
lhe castings arrive in the booth from one side, on skids. 
Chey are usually removed one at a time, welded in a jig 
and placed on another skid. When the skid is filled it is 
pushed ovtside the booth to the chippers and weld 
dressers where the castings are finished and inspected 
before being sent.to heat treatment. This welding is 
done with 5/- x 14-in. electrodes of the carbon steel, 
heavy shielded, straight polarity type. Each operator 


880 
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welds between 700 and 1000 , 
per 8-hr. day and uses an ay 
150 electrcdes. The alloy 
follow the above procedure ex: 
they are preheated to approxi 


500° F. and are welded with 
reverse polarity carbon-mo] 
trodes. After welds are cool 1 


dressed and inspected and sent 
heat treatment. 

What has been said of the 
Plant might be said for the Spri: 
Plant also, with a few exc 
The Springfield Plant is an a 
tric plant producing aluminun 
carbon and alloy steel castings. 
is a large number of patterns 
run at all times as well as a ¢ 
variety of alloys than in the 
Plant. The welding technique 
ever, the same—conveyo! 
production, preheat chamber 
continuous heat-treating fi 


1S 


Motor-generator welding unit 
used and the shield are elect 
used are the same as used 
1s viced by cor South Plant. 
The Central Plant is the 


open-hearth shop, producing 
cellaneous castings such as power shovel and locom 
parts as well as rolling mill rolls and large refi 
pipes. The castings vary in weight from 55 Il Phe 
oO tons and are of such varied sizes and shapes 
render them unsuitable for the production line 
of working them. The smaller 
worked on rail skids on benches. One inspector at 
welder are stationed at each group of six chip) 
This enables the inspector to pick out the alloy ca 
for preheating as well as inspect both before and 
welding. 

The larger castings are worked on the floor under 1 recent 
eyes of an inspector. Where possible the defects a1 
moved by air hammer chipping, but when necessarn 
flame gouge is employed. 


ones, however 


Flame gouging is alwa’ 
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teps, weic J \ 


THE WELDING JOURNAL OCTOB! i 








\ipping 1n order to be sure the defect and slag 
ng are removed. A conscientious effort is 
is much welding as possible in the flat posi 
ranes and bridge cranes are used for position 
the design of some of the castings, however, 
i] welding is necessary. This welding is done 
ve technique. The electrodes used are the 
Id are type of '/s- to '/,4in. sizes, and the 
chosen to watch the subject casting as nearly 














rge, high-pressure, alloy steel, refinery fittings 
ire repaired by the same procedure as is used 
rings: the defects are removed under magna 
ction. The castings are preheated to 500° F 
led before they have cooled to below 300° F. 
se of large castings where there is danger that 
ht cool to below 300° F. the temperature is 
ned by means of natural gas flames and asbestos 
After welding, which is done by stringer 
technique dependent upon size and position 
efect, is complete, the casting is given its final 




























itments. The welds are dressed by chipping 
rinding, and the castings are again subjected to Fig. 13—Preheating Large Castings 
gnaflux test. These castings generally undergo This photo depicts a method employed to 1 
tatic test of 1000 Ib. for 24 hr. also. temper rge casting 
welding machines used in this plant are the 400 no. It} ag Fee ie 
600-amp. motor-generator units. There are 36 very gradual. Many very large castings 
lers employed. Two carbon steel electrodes, one The initial preheating for t tir 
ight and one reversed polarity, and four alloy ele large cartype furt ne g 
les are used with regularity. The average monthly ‘° ““™Petature 
umption is 13,000 Ib. of electrodes. ee 
The high alloys are produced in two acid-lined electric Our general practice is as follows: Select a rod whi 
ces, one of 1000 Ib. capacity and one of 500 Ib. ca will produce a weld to match the parent castins We 
Most of the work is the heat and corrosion US¢ flux-coated rods so as to avoid oxidation losses during 
However, many analyses are made, the most welding.) Reversed polarity is employed in all 





‘ 


and the current setting is as low as is consistent v 
good penetration 






r of which are 18-8, 25-12 and 25-20. A great 
ire has to be exercised in selecting rods for weld 






g these materials, but there are many on the market We have to bear in mind that carbide precipitation 
which do a satisfactory job. An understanding ‘5 ‘jurious to the casting and is to be avoided. Thi 

he material being welded is equally important and ™ay be done by avoiding too long a time at temperaturt 
ently this understanding has been popularized. within the carbide precipitation range and by keepin; 






the carbon content of the alloy low. We also bear n 
mind that the alloys melt at lower temperature tl ) 
steels, have greater coefficient of expansion (chromium 
steels excepted), conduct heat more slowly and 1 

electric currents much more strongly than do ste« 











Our welding personnel’s experiences range from be; 
ners to 30 yr. experience. A training school is con te 
under the State Vocational Education Progra 
beginners are taught the fundamentals on steel « 
that we have scrapped. After they have mastered th 
fundamentals they are put on the floor under competent 
welding foremen to do relatively unimportant welding 






7 
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until they get the feel of work 
this point the operators progress at thei 
Every operator of 6 mo. experience or mort 
test every 6 mo 

The following slides depict the principles wl 


y } ‘ | 
ing in the shoy My 










Fig. 12—General View of Heat-Treating Furnaces have stressed in our practic¢ 
Connns p= ge c i j furnace has become very l. Rough machining. 
ne ‘ 10 teei Fr inary Wo, Above are pictured the > - 
ends of two auch furnaces for email castines Wa have 2. Magnafluxing. 
} type ntinuous furnaces for the low temperature v Preheating. 
ent + Stress relieving 
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Small Portable Condenser Welding Set 


By E. M. Callender’ 


Introduction 


NEW application for the condenser discharge 
welder relating particularly to welding stainless 
steel is described in this paper. The portable dis 

charge welder is one of four units comprising a complet 
field repair outfit. This welder is ight, mobile, and em 
ploys an unusually small welding transformer. It is de 
signed to operate in conjunction with a portable hand ait 
gun, and with long secondary welding cables that produc: 
1. much higher impedance secondary circuit than is not 
mally permissible in most discharge welding machines 

In contrast to the heavy appearing discharge welders 
we ordinarily think of, are many types of small bench 
discharge welders that are used for light work. How 
ever, none of these machines is of the portable type in the 
sense that it can cover the welding on a large spot-welded 
assembly 

Engineers concerned with the project of an all-stain 
less-steel cargo plane realized that for emergency repair 
in remote localities a lightweight repair welder of low 
power demand would be essential. The power plant 
for a comparable a.-c. resistance welding machine must 
provide at least 50-kva. output whereas the discharge 
welder described is used with a 5-kva. power plant. 

It will be desirable to review briefly some discharg¢ 
welder fundamentals, and then to explain those de 
partures from conventional practice which made pos 
sible the considerable reduction in weight. The major 
departure is in the unusually short welding time. These 
principles were first described in the initial Adams Le« 
ture by Dr. C. A. Adams. 

Che short-time weld is a sturdy weld made with much 
less energy than a conventional a.-c. spot weld. There ts 
some tendency toward surface spitting, particularly on 
the heavier gage of 0.040 in. and with very short times 
This can be largely reduced by high electrode pressure 
and is not an important factor for emergency repair. 
Che appearance of the weld in 0.010- or 0.020-1n. stain 
less is excellent, there being little marking 


Portable Repair Welding Equipment 


The units comprising the complete equipment consist 
ol 


1. Portable Power Plant (Fig. 3 

2 Portable Discharge Welder (Figs. 1, 2, 3, 4 

3. Portable Arc Welder (Fig. 3, background 

t. Portable Work Bench that contains all tools and 
materials (Fig. 2, batkground 


The portable welding equipment chosen for the job 
followed a survey of various methods and combinations 
of equipment that might yield the required result of 


lo be presented at the Twenty-Fifth Annual Meeting, A.W Cleveland 
Ohio, Oct. 16 to 19, 1944 


+t Edward G. Budd Manufacturing Co., Philadelphia, Pa 


lightness and portability 
was given to 


l A 


\ onsideration, 


speci il LOO-cve le 
plant and rectifier 
») Storage batteries floating on a smal 


ri Special a.-C 


Ireque nec’ 


resistance welders 
(a Stored energy form of welder 


irom a weight standpoint, and probably be 


The condenser discharge welder proved t 


of welding performance utility. At the s 
other related equipment proved lighter 
Tac tory. 


The repai centers around 


welder of 360 microfarads 


equipment 
storage discharge 
It could operate effectively 
frequency and us¢ 
ultimately operate on 1D-, 
single phas« , 90 to 75 cycles source \s an illu 
the low power demand, the welder can br 
ite from a standard 115-v. a.-c. receptaclk 
two thicknesses of 0.040-in . 


pe ik charge 
1 5-phase source of supy 
designed to 


stainless steel, three 
0.035 in. stainless, and pile-ups of lighter 
eight pieces of 0.020 in., with weld shear stret | 
resistance welds - 

Che portable welder is shown in Fig. | rea fe 
porting. A supporting structure for the welding tr 
former and cable can be assembled from the hand 
shown in Fig. 2. The welding transformer 
from the support weighs only SO Ib. complet 
also be carried in or about the plane structure 

One teature of the discharge welder is elimi 
water cooling that is required with a.-c. welder 
brings about considerable weight reduction 
tained by reason of a higher welding efficiency 
the welder complete with cables and transformer 
but 775 Ib. 


parable to a.-c 


Construction of the cabinet includes weld 
steel form break section frames that are rugged, alti 
light. The combination of wheel and skid mountit 


port can be seen in Fig. 1, the simplicity of braki 
straint being supplied by use of skids. 

The other equipment operating with thi 
welder will be discussed briefly 

Che power plant is a gasoline-driven unit wit! 
excited generator which will supply over 5 








‘ Fig 1—Dis 
Welder Ready 
Transportat 
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le-phase 60-cycle current. A fast acting auto 
| governor 1s essential on the engine, particu 
e arc weld load. A constant voltage regulating 
ris also includéd to regulate the voltage on th« 
ol circuits. An air compressor, electrically 

been built into the power plant to furnish air 

guns or air tools. All together the power 
hown in Fig. 3 (inset) weighs about 950 Ib. 
the same general construction as the discharge 










arc welder (background Fig: 3) operating 
ibove source is utilized for emergency repair of 
ibove 0.040-in. stainless steel. Its character 
as to maintain stable arc currents from 20 to 
The highest current is useful for cutting out 
sections that must be replaced. A further in- 
ipplication of the are welder is found in charg 
batteries. The arc welder weighs 350 Ib 
| bench (Fig. 2) contains a large group of tools. 
for this is the need for a large variety of 
ind their extending arms from air cylinder 


uns 





Fig. 2—Handles 
Formed Into Over- 
hanging Support for 
Discharge Welder 
Transformer; Work- 
bench in Background 




















































vokes”’ can be formed from 


‘| he S¢ 
pper bar, which has been included for the special cases 
Most 


welding 


tips 
| “ - « 7 
several tools are required for this forming work 
the tools are used for repair work, however. The total 
ight will run about S800 Ib., so that three sections make 


the bench for separate handling during transporta 


Operation of Discharge Welder 


he portable welder is controlled from the welding 
gun by a combined air valve ana electric trigger switch 
ntrols on the main panel govern voltage settings (Fig 
Operation is obtained from a circuit having a mini 


Ol apparatus and electronic control, and 20 welds 


inute may be made continuously. 
he welding transformer may be located a distance ol 
from the welder with an additional 15 ft. of second 
cable to the welding gun. However, the welding 
transformer ratio and required energy may dictate tl 
mdary cable length, and on some heavy work the 
erence of a higher transformer ratio necessitates a re 
duction in cable length to perhaps 6 ft. length. 
he rear of the discharge welder (Fig. 3) contains the 
connection panels. Individual twist type plugs provide 
1 high voltage connections. The primary 


1¢ 


cable 
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Fig. 3 


Rear View of Discharge Welder; Arc Welder 


ground. Inset: View of Power Plant Cabinet 
enclosed in fire 
ur hose, electrical operating cor 


\ winding reel for the t1 


bundle 
further includ 
safety ground wirt 
support makes it 


seen 


convenient to raise the we 


former into plact 

Other features include interlocks on 
charge the condensers and further prevent 
should anyone open the unit Che welding 


I 


grounded, so that in the event of transformer bre 


the operator is completely protected Che 
cables plug right into the welding transfor 
Each unit is built for ssembly in the 
welder cabinet with the object of easy ren 
placement in case of maintenance or failure 


Principle of Operation of the Discharge Weld 





\ brief 
welder 1S 
function of the 
the 


the rincipl 


now made, 


analysis ol oper iting 


| 
with particul 


charge 
on the 
First, 


welding transiorme1 


circuit 1s taken 1n elementary ar 


















Equation 2 immediately establishes the fact 
changing the current and time, the rate of 


i Cn 


¢ . discharging a given quantity of electricity can 

A—9 over wide limits. This is a valuable feature for 
; the low power demand required of a portabk 
is this. The current is limited partly by react / 
into the charging transformer, and partly by 
sistance. In the portable welder 100 cych | - 

is not considered excessive 
lhe energy is stored in the capacitors b 
i.-c. However, to simplify this discussion co1 
Fig. 5—-Elementary Discharge Welder Circuit i constant voltage & may be impressed on the 
-- ale. CABLE —ale TRANSFORMER pe CAME TOOL. WELO 
‘a om Capit — —_ ead root om , are rir Pros 
| ; 
PRI wre "w é — . 
Com 
.oss 
> af 
e 4 VV t / ew . ALIS VV i ~ . 
PR Saat £ TAans TRANS cage root 
(a) Summation of Lumped Resistance and Inductance Around the Circuit (b) Equivalent Transformer Cir . 
Fig. 6 
as in Fig. 5. A dielectric potential stress will be im to produce a final charge Q. Energy expended 


parted to the condenser during a passage of current 
through the circuit 


otal flow is known as a charge Q and represents quan 
tity of electricity that passed by some point in the cir 
cuit over a given interval of time. 
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Modes of Current Discharge 
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Fi -t4,:t. At least half this energy goes into ci 
sistance losses and with a perfect capacitor tl the 1 


energy resulting is well known as 


J stored energy QE/2 or Ck ‘ 

joules in the practical system. oll 

The stored energy will be discharged into a load lorn 
‘ig. 5. An illustrative welding circuit is shown 

6 (a), and since the weld resistance (in the ordet ther 


microhms) is but a small part of the total equivalent 
cuit resistance, it is apparent that only a small 


of the stored energy will go into the weld itseli. | ir 
ever, the short-time weld uses very little energ urt 
too, this energy is put into the weld at a high pow 
which is favorable for welding. You will recall th: 


extreme in which, with an insufficient power rate revi 

current flow, no amount of energy will produc« 
In the stored-energy capacitor welder thre« 

discharge are possible see Fig. 7 The typ 

current discharge may be discerned by the rati 

Appendix |] In practice it is most usual to find 

oscillatory type discharge, and in the portabl 

welder this is likewise true, despite fairly large « 
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Fig. 9—Current Discharges for C Variation 
s. The critical case ((4L/R?C 1) 
structive, however. 


is quite 
It is a borderline case between os 
ry and logarithmic discharge, and its envelope de 


rapidly in a direct manner. Since its envelop 
ns more high rms. value current around its peak 
it is an effective wave form and is useful from a 
ison standpoint at least. In the portable dis- 
rge welder every effort is made to keep the oscillatory 
rge near the critical case so as to utilize more en 
the first current loop and to lower detrimental 
erse voltage on the capacitors. It is done by choosing 
transformer turn ratio to match the welding second 
ry cables used. This now brings us to the welding trans 
rmer, which is the coordinator of all discharge welders 
refer to Appendix 2 
he welding transformer is a current step-up device 
t exerts considerable control over the welding current 
e form and, incidentally, its magnitude. Changing 
ratio of windings allows a lengthening of time of 
urrent flow at a sacrifice of current magnitude or the 
nverse (see Fig. 10). One other important featur 
should be credited to the transformer. It reduces the 
oltage in the welding circnit to safe values. The trans 
ormer is thus vital, for though the time of flow might 
neeivably be lengthened without it by using inductance, 
here would still be the disadvantage of high oscillatory 
charge and full capacitor voltage on the circuit. 
In descriptive analogy the transformer makes the pri 
iry circuit “‘see’’ a high impedance with consequent low 
‘urrent flow and causes the secondary circuit to “‘see’’ low 
mpedance, transferring energy to the latter to produce 
high current flow. This, of course, is well known, but a 
review of fundamentals is always helpful. The trans 
former equation is: 
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Fig. 10—Current Discharges for T Variation 
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Remembering the mode criterion 4L/R*( t 
high transformer ratios reflect more secondary t tance 
than inductance into the equivalent primary term tend 
ing to make 4L/R°C approach 1, which cha: the 
cillatory discharge toward a logarithmic type disc] 


‘ 


Figs. 6 (6) and 10 

The effect of varying any parameter ( 
set forth in curves (Figs. 8 to 11) for 
proach the constants used in the portable set 


esting analogy is drawn between Figs 


VARIED 





SECONDS 


TIME - MILLI 


Fig. 11—-Current Discharges for L Variat 
creased time is obtained by increased ind nee (Fi 
11) and by turns ratio (Fig. 10). Mor cillatory di 
charge then occurs for Fig. 11 (inductance increasing 
and less oscillatory discharge for Fig ) (t tio 11 
creasing In fact, for 7 = 120 the di rit] 


mic. The discharge condenser voltage is also plott 
two cases in Fig. 10. 
\n endless array of discharges may b« 


trolling the combined relationship of charg ltage, 
transformer ratio, capacitance, inductance and resistance 
[The exact discharge form will have considerable bear 
ing on the kind of weld obtained and on the annealin 
forging or anv other effect desired. Of importance are 
a Rate of rise of current 
Rate at which energy is being put into weld at it 
inception. 
c) Time duration of sufficient energy t mnitinus 


fusion as well as the succeeding rate 
flow after weld inception 
Energy duration at the tail for 


cases 





In practice a contactor or an ignitron wl vas us 
in the welder shown, may be used to close the discharg: 
circuit. A second ignitron shunted across the transformer 
primary will prevent undesirable revers: lta n the 


condensers, and will produce a logar! 


in Fig. 7 (a 





















The Short-Time Weld 


[he short-time weld might be defined as that weld 
produced during the flow of half-cycle current whose 
time to px ak 1s less than the time to peak of a 60 cycle 
ine Wave In this portable welder the time to peak is 
from | to 3 milliseconds. 





























\ typical pattern of the etched section of a short-time 
weld is seen in Fig. 12 (a) and (6 


made 





Both welds were 
n 0.020-in. half hard stainless steel with a peak 
current time less than 1 millisecond, and 19,000 amp 
Che etch Fig. 12 (a) differs from 12 (6) in that the latter 
had emory polished contact surfaces. Hence, less en 
ergy was received in the weld (Fig. 12 (b)) because of 
lower contact resistance. The latter etch is a good sam 
ple of the short-time weld. Intergranular fusion (not to 
be taken as part of the weld nugget) is seen extending 
around the weld in Fig. 12 (a An additional point of 
weld formed initially is visible on the left-hand side. 

\ short-time weld differs in configuration from the 
a.-c. resistance weld for several reasons. 

|. The rate of power input for a short period ts rela 
tively much higher. 


*) 






















































































Higher equivalent frequency or rate of rise of cur 
rent (producing greater skin effect) can cause the weld 
to commence as an annular ring instead of as a point 
from an axial center (note points a and 3), Fig. 10, also 
Fig. 12 (a 

3. The duration is so short that the heat flow cannot 
finish its job of pattern forming that it does in a.-c. weld 
ing. 












































t. The short-time nugget is just a wafer-like nugget 
bond sometimes surrounded by partial granular fusion of 
little significance, except that it may be deceiving in an 
etch inspection as in Fig. 12 (a). The a.-c. weld, on the 
other hand, has a weld nugget that has grown consider 
ably more along the axis perpendicular to the weld sur 
Lace 




































Fig. 12 


(b) 
(a) and (b) Micrographs of Typical Welds 
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5. Additional small fused areas occur in 
stances 1n certain portions of high current path 
are notably in the corners under the electrodes 


|‘? f> 


A thin nugget is formed with relatively few 
energy in these short-time welds. Tihe bond 
has been found to be entirely satisfactory, 
show that good shear strength and resistance t 
result. Table 1 gives shear values for various ¢ 

It is essential to discuss to some extent the 
application of this portable repair unit to al 
welding. Results to date indicate that with the 
such as 24 ST a longer time to peak is required t! 
stainless steel. Experiment has indicated that 
seconds would be sufficient. Therefore, with lars 
transformers, such as 100, 200 or 300/1, there is: 
why aluminum cannot be welded. In fact, it 
done with an equivalent amount of storage. Tl 
ible work tool cannot be maneuvered as well, h 
since with these higher ratios the welding se 
cables must either be greatly shortened or becom: 
cumbersome 

There are doubtless other metals that can be 
fully welded with the short-time weld. Carb 
has been welded in 0.030 in. gage. Others, such as 
have not been tried as yet. Che tool tip force u 
every case is found to be comparable to that uss 
straight a.-c. resistance welding. There is some 
tage to higher tip force than is normally employed 
from strength standpoint and from appearancs 
outside of the weld. 


Principles Used in Portable Welder Design 


Certain principles were involved in producing wel 


stainless steel with a limited capacitor bank and 
further weight limitation impesed on equipment 
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Table 1—Typical Shear Strength, Portable Discharge Welder 









































Material tainless steel, half hard 
Capacity 360 microfarad 
Electrodes Mallory, 2 rad 
Cable Lengt! for /1 ratu 2-10-ft. 4 ib] 
Weld 
Pile-up Volt Ay Transformer lip For ir Pull 
and Gag Setting Ratio AY Higl Low 
2-010 1400 30/1 
Z-UZ 2200 sO/] ) t 
2-030 OF ) 30/1 } ~ 
2.030 2500 57 l 75 oO) 
2-040 8750 57/1 ) Ry) f 
} aA 2 Ww) 2/ ~ 
he short-time stainless steel weld 1s metallurg: sufficient and then requu ( 
und, possesses excellent properties of shear and furnish the power 
trength: and although the fusion nugget is thin, (j his equipment may be air 
nown as a water, this is not necessarily detrimet i If the portable welder é 
} ¢ ] 1 } +} 4 } 14 
LS ( LI 1 
The size of welding transformer (aside from it not result 
e) depends on length of weld time (see ay S he energy required goes up rough! the he 
and hence can be made light in weight only for the thickne that the unit described 
time’’ weld vantage in the light gages 
short time weld can best be accomplished by Some limitations considered a1 
lower transformer ratio than is employed in con 
nal discharge welders. This also has the further rhe weld nugget being thin, tl 
- . ; ; x } " 1) "7 ’ 1 eT . 1 
intage of facilitating higher welding currents. Study gin of safety between a normal energy W 
. an 4 : ei Se a ee 1 ~~ oe | , 
Equations 32, 34 and 36, it becomes apparent that CMergy weld t ne lot weld, Whost 
. ¢ 7 ] 
he ratio 1s decreased, the cable secondary resistanct prov 1a¢ 
refore length, may be increased. Heavy) ges cannot De welded 
‘ , veld lesion j stica] nl d 
The energy (joules) put into the weld zone of a Welder design 1s drastically enlarged 
rt-time spot weld is only a small fraction of that used o. ~suriace spitting on gages of U.U 
1 , cs ; 1 ime ; l ean ndentat na { 
iking a conventional spot weld. This improved weld n! eel ise indent 
iency is attained partly because the weld nugget is 
thinner and mainly because waste heat leakage cannot A led , 
: cknowle nen 
pread during the short period. Heat leakage causes KnOoV - eanete 
reat waste of welding energy within the weld zone 
: ’ 1 natite matali —: i. The \ 
Water cooling is eliminated because the short Che author wishes to thank Dr. ¢ \ 
y 1, 1) ‘ la } sot h sit} ¢ 
e weld consumes less energy With these short weld dvice and valued assistance [he autho 
eriods of 2 or 3 milliseconds, very little energy (com to thank the E. G. Budd Manufacturing ¢ 
2 . . no } lox ninent nd 1, fT] 7 , . 
ired with an a.-c. weld of several cycles goes into he il ing this de lopment and the followings ‘ 
g of cables, tool and transformer. contribution—J. R. Fetcher, H. Van 5S 
Of the total energy spent in the circuit the energ nd A. C. Johnsor 
I 
is delivered to the weld section is in direct propor 
to the ratio of the resistance of the weld section t Ret 
< . + , eference 
it of the equivalent total circuit resistance. Any effect ference 
ircuit inductance can be discounted in the foregoing 
sideration 
Limitation to shortening the weld time is imposed 
hw evre aX . ; --7 ft rise roducte } } 
by excessive current rates of rise that will produ Bibliography 
riace fusion with excessive spot indentation and ele: 
trode wear. 
Conclusions 
Appendix | 
The advantages of the Portable Discharge Welder: 
\ normal simplification of the curt 
, equations 1s shown, the method bet lied eat 
Only low power is demanded even with a fair _— ce ie al 
, <o ' time ago by r. Adams 
welding speed of 30 welds per minute ry re 
’ - ; : : The solution for these e tions W 
Combined weight lightness in machine, welding , ee ene eee : “3 
a Se gs lengthy, and the reader is referred to the ] 
insformer and small size cables is utilized in a con : 
tor turther reterence to their origin | 


pletely portable machine 
) No water cooling ts required. 
t. The method of welding is completely portablk 


simplification are set down here 


llowing the welding tool to be carried all over the as Case 
mbly. 
o. The equipment as a whole may be made self General Equati 
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lime to first voltage zero = 


Also refer to Equations 32 : 


Co simplify 


where 


) 


alues are 


Time to first current zero 


Approximation 


4. 


Critical Ca é 


Rot - 


Logarithmic Case 


General Equations 


2 


Approximation 


Aside from the simplification obtained from Equ: 
12 and 13, the terms a and n 
Other useful v 


are useful criteria. 


rV LC 


a 


tan! n 
an 


see Equation 30. 


also refer to Equations 34 and 35 


\ > . 
a = (Equation 12) 


2L 
4L 
r< 
R*( 


General Equations: 


( RC 
LV RC? — 


\ l 5 


itions 
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Simplified Equations 












mR 
Che simplification can be carried on further t 


quite readily the peak current and time to peak 
pendix 3 


Appendix 2 







The welding transformer is the vital part of any 
itor discharge welder, and while this short referenc: 
tion will not give full engineering design, certain co1 
erations especially relating to the portable welder 
former should be of interest. 

Those aspects considered vital are listed 

1. The transformer ratio (7°) will normally be cl 
as high as permits sufficient useful welding current 
for the particular welding circuit and the kind of wel 
involved. Thus, higher cable resistance and induct 
may necessitate a lower ratio (see Fig. 13 

2. The transformer resistance must be mini 
and will be governed by the design consideration 
(1) permissible temperature rise for the maximum 
cycle, (2) required circuit efficiency and (3 
allowable weight. 

3. Reversal of the welding current flow with eac] 
charge augments transformer output considerabl\ 
cause an appreciable residual flux is present and w 
doubly lost if not taken advantage of. 

t. Transformer flux leakage will tend to lowe1 
current but will affect the energy only as it redist: 
utes energy with respect to time. Leakage should be |} 
as low as possible in the design of the transformer. 

5. To prevent saturation the flux should not 1 
above the knee of the B-H curve until the completior 
the useful current discharge interval and in no case bei 
peak current is reached. It will be shown later that 
total flux will be proportional to the integral of the 
voltage discharge curve after deducting JR drop all w 
respect to time. Therefore, other things being equal, t 
longer the discharge the larger must be the core ct 


maxi! 


section or the number of primary turns, and the tra! 


former size will increase accordingly. 
loss of secondary current magnitude. 
Transformer saturation discussion now follows. Su 


Saturation cau 


weight economy dictates a close design, saturation 


prevented both by current reversal through the trat 


former each time, and by a suitable VS product, 
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Time to first 


tan 









| ‘¢ | 
| oe ee 
2 if 2 
—aeee| see rit, 
9 ES ie == TIME yt = 
ea 4 | $ | 
< Li = | 
oO 'V) rs) 
oO i< a 
a IO o zs | Abs 
<r [igea, 
1 PF RC 
. * fe SEE APPENDIX 4 FOR 
} rr 


NOMENCLATURE | 








1 (4) current reversal. 
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kK Lachinhedod REG RERAE VOR PURSE RESSSRSSCREAS The Equation 31 bri t 
\ | i= | . | | bind 4 
\ } } ~~ | il the ratio i iS GOUDIECC I 
em 5) oon SL will be approximatel 
. as 8 =< However, this can be readil 
f ~ , 
SI mr TSO if the primary is built wit 
--— — an these es Sas ee et se = ts , 7 
r . coo than one coil, paralleling v 
5 CTRL T “EITTITITILITIT LETT LIT LT 6.8 ia en 
PS ratios and connecting in s« t 
, ~a+ ; 
+t, a high ratios. NV, will incre 
‘ Set the higher ratios to maint 
} . } om SS > die : 
ry 25e aaeeee ee SS correct V,S product. It can furt 
ee ——————————e——e—eeeeeee be shown that the transformer 1 
4 CSS Qn Cori rttT] $1.0 sistance under this design n t S 
SURee' i 5248) the same percentage to the rest 
aa 2ER en *e the circuit, since doubling 
Qt ae SS would increase the actual pr 
Settee iz — + resistance four times ut its « t 
an rr ~ 
3! ee tert CO - = OS reflected into the secondary cir it 
would be but one-quarter the 
5 10 2 15 20 25 former value. Any reasonable nu 
ber of primary coils and rati 
e: ' ; } ’ Se manmar | 
Fig. 13—-Graph of Peak Secondary Current and Time to Peak be utilized in this mant 
per design of insulation ( d 
of connecting the coil 
ury turns by core cross section. The V_S produ t is to the tw oltage curves in Fig. 10, some idea { 
ved, flux increase is apparent for (7°) increased four t 
ltage induced in the primary turns: Che voltage area may be obtained graphi 
: stituting in equiy uent tri ingle lor the oltage 
e N. ~» 10-3 charge curve (é, ir) letting the “‘hills equal the fill 
p 14° ia 
al in area abcd (see Fig. 7, critical case 
ence It might seem paradoxical that the net ‘ Ml 
voltage time curve will become smaller turat 
Re " occur. However, analyzing this we will recall that the 
Vp? LU Cl primary magnetizing current to produce fh t in 
Jf t 1 : 1 ) 
crease greatly under saturation, and the incre I} 
c drop will obviously decrease the net ci d it 
A A y A . ‘ il ‘ bX ‘ Laixet 
y BS irea. Thus, one test for saturation is to ethe 
10s ft the transformer primary or secondary voltage cross« 
rs i} 99 zero at an earlier instant as the capacitor stored It ( 
N,S B / edi 2 4 new 
m Jn is increased from a low value to the highest 
me NS i 4 4 oscillograph is required to make this test 
But /V,5 a a product of the apres turns ol + trans The foregoing covers some of the main tors that 
rme ‘ _ ., . cS > oT? l ‘ 
rmer anc re cross ae Also the aaectg hs should be considered for the portable welder t1 former 
ty le repre > area O - *t disc ge : | 
uts 1 and ls : pres¢ e t 1e area ol t 1€ net ischarge design where weight is of prime importance However, 
tave co re nee Ts, O41 mm a0 + ent, , : 
‘tage curve, lence, design precautic on against — it may also apply to any discharge welding transformer 
on need consider (1) the required V,S product, (2) the dedi 
1 of the net voltage discharge curve (é, ir) out to 
: a an” on 
> , Te < 1 . > > fie fhic ) >) e axi 
time whe re useful « urrent ends Fig. 7), (3) th max Appendix 3 
1m permissible flux density of the transformer iron 
Chere follows a ready method for obtainu eak 
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see Equation 


uirly “ullat 
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weld current and time to peak based on plotting the 
log and/or sine terms for values relating to term 4L/R?C 
of the main radical n (oscillatory case) or m (logarithmic 
case). The time-saving value of this method can best 
be appreciated by comparing it with the straight com- 
putation of the equations in the original form (Appendix 


28 after differentiating for time to maximum, were used 
to plot Fig. 13. They are as follows 


[he equations, obtained from Equations 15, 19 and 


al 
Oscillator 





Pa 
Reter to Equations 7, 12 and 13 for 7, a and n. 
n becomes (instead of Equation 
~ ils 
\ ] R ( 
C? ( Case 
. 0.732E 
Peak weld current 34 
ie 4 


lime to peak 







Logarithm Lad é 


al kK 
Peak weld current k } 36 
Rn 
where 
- = “4 
L, ae, Bi. ( 2 ) vi 
K | 
| | m | 





ao 
—— 
eae Es 
a 
— 
F 


I | -+m 
[ime to peak log « ; 39 


m becomes (instead of Equation 26 


‘al ,_ 4L 
\ T?R2C 


\ll values of circuit resistance and inductance are 
first summated in terms of the secondary, using equi' 
lent values. Thus 


i 


LO 


The inductance in terms of secondary may be obtained 
in the same manner. For ratios (7) above 50/1 the ef 
fect of primary resistance and inductance is usually so 
small that it may justifiably be neglected. However, all 
transformer copper loss has been accounted for in (40 
Likewise, hysteresis and eddy current transformer losses 
may be estimated as a factor Afr, or can usually be 
neglected because small. A special factor A,,, would 
be required for increased energy dissipation if transformer 








saturation occurred. 


the ideal Equa 
39, inclusive, are subject to certain practical 
factors which should 
mally neglected. 


method with reasonable knowledg« 
rhe use of the graph is clearly defined, and tl 
is from lovarithmic, 
oscillatory case 


through criti il, 


Appendix 4 


Nomenclature 


consideration 
ipacity considered in terms 


ige ON Capacitors 
Store d el ( trostati 


when calculating peak 


number of turns of tl 


esistance of welder in term: 
of welder in terms 


cross section of welding transforn 


transiormer 


to logarithmic discharge 
simplification 


instantaneous 


instantaneous \ 
ing discharge 

induced in transtorn 
ing capacitor discharge 

instantaneous 


instantaneous current 


logarithmic discharge | 
logarithmic equation simp 
oscillatory equation simplification tern 
charge in a condenser at 
passage of time during history of an e' 
conveniently 


lification tert 


in milliseconds 
Naperian logarithm base 
Flux in welding transformer core 
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Routine Inspection and Salvage of 
Machinery Weldments 


(Rough, Partially Machined and Machined) 


By James W. Owens 


Introduction These researches are. respectivel 
\n investigation 1 determine 
‘lL, Ia ho " ‘ ‘ 
yee Paper rectiveness and utility of direct rré 
: ilternating current for the Magnaflux insp: 


paper on ‘Methods Improvement from the View 


NA ; tion of fusion welds; also for the detect 
Vianagement, presented before the semiannual are 
lamination nd gregations 11 i! f 
~f The American Society of Mechanical Engineers , ——" 
: ‘ , : teels 
burgh in June, Mr. J. K. Louden made the fol : : 
setae hn teducmente if we in investigation on the Precision Ws 
two pertinent s tements ior consideration of the ‘ 
plain carbon steel 
r manufacturer: that .. if we las a company 
nt| are going to survive as an industrial unit, we Ohiectives of the Paber 
mstantly increase our productivity and lower our 


\s defective material will be found and errors will be 


ind that “‘accordingly we must embrace a program 
reduction through waste elimination that calls for 


ited energies of our management, labor and tech 


made by workmen in all stages of weldment fabr 


a) 


ind processing, inspection is intimately bi 


m both waste and salvage his 1s particular 
medium carbon steel weldments as co1 
writer unreservedly accepts these conclusions and ’ 1 ; sss | ’ 1 
, . . na steel « tings in view oT the tact that t ibilst 
hat much of this waste elimination will depend on : 2 V 
j I Salvaging weldmen s infinitely, eater. re 
tion and the use of materials and processes which ‘ Saivaging welaments 1 cLEUELY §! 
— , their state of completion. Because of this, the tech: 
tate salvage. This paper, therefore, considers the . ie * 
. ind procedures involved in the inspects 
ject of routine inspection and salvage of machinery 


of weldments must be regarded by ma 
iments in a large organization having shops for the : 


. ; Mayor economic mmportan it the potential 
ning of weldments fabricated 1n its weldries and I a ; 


] , ‘ ] j ] 
f weldments ove tings, includi wel 
subcontractor These weldments are of two type: a e casunegs, IGins 
to be realized and made the most of 
Those fabricated to customer specifications and Again, inspection methods and procedur 
designated “Customer Inspected. been found necessary and have prove 
- ; wry f | 6 4 | vee cae 
Those fabricated to the company's specifica one type of product might be absolut NNEC 
. 1 " ; ' - ' } - tur? _ j ‘ 
tions, as stock items, and designated “‘Non and unsatisfactory for another type of p1 
‘ 1 nat ) 7 hac fh» ' ol ’ ] }, 
Customer Inspected paper, therefore, has ce Ox €s, Caci wilt 
onsidered in a separate sectio1 hese ol 
ctice, the only difference between the Se two type Ub] l Y \ ] Lo illu trate by « nit? 
veldments is the necessity for facilitating Customer sity for an open-minded approach in the insp« 
ection, keeping their inspectors informed of errot salvage of weldments in order to eliminate wast: 


defects and securing their approval of recommended 
I ive procedures by Saly ige Requests. 
this organization, the Inspection Department ts 


: na . ) . 
endent of the Engineering and Production Depart ; 
nts. to the A A » a » e 


the Chief Inspector reporting direct t \ 7 
nt General Manager On inspection and salvage “ : 
blems, involving welding and allied processes, th 
ef engineer of the Division and the Director of Welding - spies 
nection in an advisory capacity The weight given to a | 
ir Opinions, individually or collectively, is dependent sieges” 


the problem involved 

e fundamental information obtained from two re 

hes, conducted by the author, one on Inspection 

| the other on Salvage, has been put into practical us 
incorporated in the subject matter of this paper 


1} 
Lil 


T¢ 





lo be presented at the Twenty-Fifth Anaoual Meeting, A.W elat —— —— 
Oct. 16 to 19, 1944 

Director of Welding, Fairbanks, Morse & Co., Beloit, Wi >: — le eel ER a ae : ay 
Mechawdeat Muainseine. uly 1944 Fig. 1—Typical Joints and Welds Specifically Designed { 


Objectives and Uses of Salvage Request SR’'s) p. 904 Metal Arc Welding with Unfused Root Faces and or Open Root: 

















Table 1—A Contrast of Design 

(A) Boilers and Unfired Pressure Vessels 

1A Major strength welds must be of the butt type 

2A Unit working stresses of butt joints are usually the same as 

the base metal, consequently sound butt welds of 100% 

penetration are required. 

3A Shrinkage is usually not a major fabrication problem, be 

cause dimensional accuracy is, in general, not a factor 


4A In view of 3A, open butt joints are usually not objectionable 
There can also be a fair latitude in fit-up, provided round 
ness is not sacrificed 

5A Radiographic inspection is desirable to insure 


that consist 
ently sound welds are obtained with 100° 


7o penetration. 


Interpretation of weld soundness, by d.- 


é magnaflux 
tion, is not hampered by patterns 


of open roots 
root faces as this type of subsurface 


Inspet 


or unfused 


discontinuity is not 
supposed to be present 
TA Magnaflux inspection, when used should preferably be of the 
d.-c. type (if butt welds are involved), to facilitate the de 
tection of all types of subsurface defects 
SA As abrupt intersections of two or more planes can usually be 
avoided, cracks from residual and/or reaction stresses are, 
in general, not a serious problem except in way of man 
hole reinforcements 
9A Incentive systems of payment may appreciably increa 
tendency for defective workmanship whe nultiple layer 
manual butt welds are employed 
10A Because of the linear simplicity of the structure, automati 
welding can usually be extensively used. Furthermore it 
is advantageous because of 9A 
11A There should not be any necessity for major salvage opera 
tions in any stage of fabrication 
12A A hydrostatic test is required 
13A Weld spatter is primarily removed for appearance 





Objective No. 2.—To outline inspection methods and 
procedures which have been evolved to obtain the maxi 
mum economic advantages for machinery weldments. 
Objective No. 3—To outline salvage methods and pro- 
cedures for partially and completely machined weldments 
which are technically, practically and economically sound. 


Section 1—A Contrast of Design, Inspection and 
Salvage Requirements and Procedures 


As boilers, unfired pressure vessels and Diesel engines 
are classified as ‘‘machinery,’’ and as the inspectors of 
welded boilers and unfired pressure vessels may be called 
upon to inspect Diesel-engine block weldments and their 
auxiliary parts, these products will be used to illustrate 
the potentially wide variations in design, inspection and 
salvage requirements and procedures. This contrast is 
not only strikingly shown in Table 1, but this table graphi- 
cally illustrates the desirability for the insertion of a 
clause in specifications governing inspection pointing 
out the desirability and/or necessity for inspectors seek- 
ing individual and collective advice from those capable 
of furnishing it before rendering decisions, so as to be as- 
sured that all available facts are known. This would 
include inspectors of the Customer when products are 
Customer Inspected. 

Salvage Committee s’’ consisting of representatives 
from the inspection departments and the engineering di- 
visions involved have been and are being satisfactorily 


892 





11B Because of the 


13B Weld spatter, 
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, Inspection and Salvage Requirements and Procedures 


(B) Diesel Engine Block Weldments 
1B Major strength welds can invariably be of the fil! 
2B Joint efficiencies of 15% above the yield pm int 
metal are in most cases entirely satisfactory 


3B Shrinkage is usually a major problem becaus 
tolerances frequently re quire dimensional accuracy 
plane and several locations in the same plane 

4B In view of 3B, open butt joints are not only 
jectionable but closed joints with wide root f 
equivalent 


. 

are essential for good fit-up 

5B Radiographic inspection is usually not 
welds of not more than 2 layers are invariab] 
and such welds can be made consistently 
required factors of safety. 

6B Interpretation of weld soundness by d inagt 
tion may be seriously hampered by unfu 

economical design invariably requires th« Oo 

this type of subsurface disco1 caeaty in the w 


7B  Magnaflux inspection, when used, s hould } refera 
a.-c. type (when fillet welds are involved 
pection for weld soundness is severe ™ hamp 
urface discontinuities-specifically incorporat 
sign and for which neither material nor w 
sponsible 
SB \ e intersection of members in two or more pla: 


in general, be avoided, 
tion stresses may be 


cracks from re 
a problem 


Incentive syste: of 
tendency for 
joints ar 


pay! 
defective 
used as the 


nent may actually 
workmanship when 


operator te nds to wor 
higher current range in order to increase t 
work accomplished and therefore insures t! 
amount of root penetration 
LOB Automatic welding is, in general, impractical to a1 


extent because of the complexity of the structure 


many 
tremely close tol 


surfaces which aré i 

‘rances and the resulting ma 
rors, their s alvage requires an engineering 
appreciable amount of skill and judgment 

A hy< lrostatic test is only required for air, oil and wate 
ages when incorporated in the weldment 

steel shot, mill scale and othe x foreigt i 

must be thoroughly removed to avoid clogging of | 

scoring of bearings, etc 


approva 


used by the Company for minor nonrepetiti 
However, for repetitive defects and defects beyor 
scope of these committees, the use of the Salva 
quests, previously referred to, have been found 
sary and have proved entirely satisfactory. On Cust 
Inspected products, these Requests are addressed t 
Customer’s Representative via the Company's ( 
Inspector, and on ‘“‘Non-Customer Inspected,” th 
addressed to the Company’s Chief Inspector 


Section 2—Inspection Techniques and Procedure 


Definitions 


Lamination.—An actual physical discontinutt, 
material. 
Segregation.—A layer of different chemical cos 


tion than the metal on each side of it and wanes rein th 


is no physical discontinuity between this layer and 
metal on each side of it. 
‘Templates, Dies and Fi 


Inspection of xtures 


Inspection of weldments starts at the templates 
dies for the ‘‘details,’’ and at the fixtures for 
blies” and ‘‘final assemblies” so as to be assured of tl 
accuracy before their use in routine production. Eac! 
checked by flame cutting, forming, assembling and 
welding at least one ‘‘piece.’’ If found correct, 
plate, die or fixture is steel stamped by an inspector 


; 


subasse1 


the te! 
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be considered by inspection as wholly dependent on 
j the product and their location in the product. In 
J Temporary general, segregations are not objectionable in machinery 
} MAINS | 


db 


weldments and two illustrations, Figs. 8 and 9, 


REL Evan 


NON- RELEVANT ip ee eee meer 
ROOT OPENING — = iat seen 
SHOWN IN PATTERN \ 


(UNFUSED ROOT FACE) 





D.-C, Magnaflux Pattern of a Nonrelevant Root Opening 
in a Fillet-Welded T Joint (No Pattern with A. C.) 








peclion of Base Metal 


Certified mill reports of each heat are accepted by our 
' ~ SEc ons . 
Company for all low and medium carbon steels. How -_ ote 


ever, the chemical analyses and physical properties ot Fig. 3—Comparative D.-C. and A.-C. Magnaflux Patterns of 
the base metals used in weldments, which are subject to Single Bevel and Square Butt Welds Showing Relevant and 
heat treatments (other than stress relieving), are ob Nonrelevant Unfused Roots and/or Root Openings 


procedures. In products, or parts 
f products, wherein laminations 
in the completed weldment are CRACKS iN 
prohibited by specification, a FACE OF WELD 
routine magnaflux inspection of an A : aan 3 
il edges is undertaken after KONTINUOUS! SURGE CONTINUOUS} SURGE 
ll shaping and forming opera- 


: (400 AMPS, : (400 ames 
tions on the details have been (480 AMPS) |CONTINLOUS (450 Amps) |CONTINLOL: 


. 2 750 Amos. TSO Ames 
completed and prior to their use SURGE) SURGE) 
in subassemblies and assemblies. 

Localized laminations are com- " 
pletely melted and/or chipped Cen} 
ut and welded as a routine ™~ 








CRATER CRACKS 














eration. If the lamination is 
extensive, the inspector's atten- 

is called to it for a deci- 

is to whether the laminated 
section should be removed and 
inew section welded in its place 
« whether the part should be 
scrapped. The major point to 
be borne in mind is that this 
magnaflux inspection of detail ft, 
parts can be quickly undertaken Y —CRACKS C, TO C4 
ind minimizes expensive salvage Shane & LAmOan 
operations or high scrap losses, WELO WERE 
should unacceptable laminations 
be discovered during or sub 
sequent to machining. How Con _ 
ever, as laminations and segrega- 14 
tions will occasionally be found - 
during machining, their accepta- Fig. 4—Comparative D.-C and A.-C. Magnaflux Patterns of Cracks in the Face 
bility or unacceptability should Crater of a Fillet Weld 
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Fig. 5—Comparative D.-C. and A.-C. Magnaflux Patterns of a 
Square Butt Weld Showing a Nonrelevant Root Opening, Sub- 
surface Slag and a Crack Masked by the Pattern of a Non- 
relevant Root Opening 















submitted to assist 


inspectors to pass judgment on 
laminations when 


discovered. Figure 8 shows typical 
laminated construction used in the fabrication of weld 
ments and Fig. 9 shows typical ‘objectionable’ and 
‘“nonobjectionable”’ laminations. 












































Inspection of Flame Cutting 








As the “grade of cut’’ can vary widely from that of a 
manual cut by an unskilled operator to that of a machine 
cut by a skilled operator, definite standards and pro 
cedures have been established to insure economic fabri 
cation. By “grade of cut’ is meant the relative square 
ness of the cut edge, its freedom from nicks, also the 
depth and uniformity of surface serrations produced by 
the flame. As the grade of cut is primarily determined 
by the speed of cutting, it is obvious that inspection is 
confronted with a major problem whenever an incentive 
system of payment is used. Regardless of this, the 
problem has been satisfactorily solved: 





































































NON RELEVANT \ 


ROOT OPENING—7 
MASKING 
CRACK “x” 





Fig. 6—Comparative D.-C. and A.-C. Magnaflux Patterns of a 
Fillet-Welded T Joint Showing the Masking of a Crack in the 
Face and Crater of a Fillet Weld by Its Nonrelevant Root 
Opening 
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Fig. 7—Comparative D.-C. and A.-C. Magnaflux Patter 


Laminations and Segregations 








a) By the preparation of standard sample ct 
the various ‘“‘grades’’ and over the entir 
of thicknesses normally used in prod 
The speeds of cutting, tip sizes and 
sures are steel stamped on each sampk 
Table 2.) 

b) By conveniently locating these samples f 
use of flame cutters, time study men, for 
and inspectors. 

c) By specifying the grade of cut required 


operatic m sheet. 


d) By prohibiting all grinding of flame-cut su 


except those manually cut and 
specifically called for on the drawing. 


Grinding is generally considered to be a relat 


cheap operation. However, it can ea 
come one of the most expensive 


An A grade of cut is the best that can be made 
used for the edges of members subject to fatigue 
B 


and for exposed edges in general. 





expo 


S11 
oper il 
when all factors are taken into considerati 


Stre 
ind C grad 








Fig. 8—Typical Laminated Construction Used in the Fabricati 
of Weldments 
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ed principally for nonexposed or partially ex 
ces, e.g., the root faces of tee joints, also for 
rfaces and surfaces to be machined. A study of 






Ows: 
it, in general, the speeds of machine flame cut 
mended by the manufacturers of these ma 
' 00 high for even the lowest grades of cutting 
ti! n machinery fabrication. 
it, the differences between the grades of cut 
reciably over the entire range of thicknesses; 
It: In material over 4 in. in thickness, only 
cut is specified as Grades B and C would, in 
unacceptable for any part of a machine, both 
tandpoint of cost and serviceability. In ma 
,in. and 1°/, to 4 in. in thickness, the A and 
ire specified as there is not enough differences 
A and B grades to justify the inclusion of 
to ] in. material, all three grades are 



















ve operators assigned to the repairing of flame 
ks are conveniently located to the flame-cutting 
pection departments. After the part has been 

it, it is slagged with a pneumatic slagging ham 
pected, salvaged if necessary and reinspected 
ilvage operators are specially trained for this type 
work. They should never be students or trainees, as 
properly salvaged flame-cut scars can result in high 
rap losses and very expensive salvage operations. The 
wing of the thrust-bearing saddle of a completely 
chined Diesel-engine block weldment (Figs. 18, 19, 
) 1S only one of hundreds of cases which can be 









iny 






11 
| 


L a 


by fabricators to prove this point. 





essive Inspection of Assembling and Welding 
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1 “qualitative inspec 
in assembly 


progressive ‘“‘dimensional’ an¢ 
of the major operations involved 
welding has been found to be necessary in the fabri 
of the Company's Diesel-engine blocks. This 
cedure insures the early detection of defective work 
and the placing of responsibility where 
belongs. It also appreciably minimizes the likelihood 
the part will ultimately be scrapped or salvaged. 
this inspection procedure, a printed form is used 
this form are listed all of the major production and 
nspection operations with spaces after each operation 
initialing and dating on their completion by foremen 
inspectors, respectively. This form constitutes not 
@ progressive record of all operations, but is used by 
he production department to chart the daily status ot 
ll blocks in production. On completion of a block, the 
rm is filed by the inspection department 
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bi} 








(hy 









oul-Inspection 





Layout-inspection is the major dimensional inspection 
operation in the Company’s weldries. It requires an 
curately machined layout table, small screw jacks for 
veling purposes, surface blocks, surface gages and other 






recision tools. 
White cold-water paint or a layout stain is freely used 
icilitate the scribing of layout lines on the weldment 
hese lines are centerpunched at appropriate locations 
ilter all shifting has been completed and the layout 
rator is satisfied that the weldment will clean up when 









hined. Furthermore, to differentiate these center 
ch marks from all others, they are enclosed in an 
stamp. All errors found in a layout-inspection are 





don appropriate routine forms and corrections made 
Ppro} 






salvage department and specially trained to correct 
lelects. These centerpunch marks are used by the ma 
€ operator to set up the weldment for machining. A 
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the operators responsible or by operators assigned to 
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welding layout-inspection should be accurate enough to 
eliminate the usual machine-shop layout 


Table 2—Recommended Speeds for the Various Grades of 
Machine Flame Cutting Required in Machinery Fabrication 
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Fig. 9—Typical Objectionable and Nonobjectionable Laminations 


















Non-destructive Inspection T ests segregations. Cracks (particularly suriace crac! 
The three outstanding and most widely used non- ™ general, much more harmful to the serviceab 
destructive inspection methods are: weldments than subsurface porosity. Furthermor 
. class of electrodes now available, combined with 
(a) The gamma ray. operator qualification tests, has practically elit 





b) The X-ray. 
c) Magnetic particle. 





DETECTED Br BOTH DC. AND Ac DETECTED BY _b¢C ONLY 
The first two methods are best SuUeFACE CRACKS > SG REALE LAMINA 


ROOT OPENINGS SUB-SURFACE Si € SAG 
adapted to fusion butt welds where A B eR 



















in a joint efficiency of 100% is —+—_> 
required, whereas the latter is best | 


adapted to all forms of fusion welds @Q = 
wherein neither the design nor the , : 
YT G 








.) 
specification calls for complete root 2 
fusion. 












Magnaflux Inspection for Cracks, 
Slag Inclusions, Laminations and 
Segregations 

















Magnetic particle inspection, | 
commercially known as ‘“‘Magnaflux ' 
inspection,” is, in the author's 

opinion, of vastly more import- a 

ance to the welding industry, as i | 

a whole than radiographic inspec ‘S | 

tion on account of its simplicity ~~ " wigs | 

of application, low cost and ability Aga ei ree 
to ferret out and differentiate be- Fig. 10—Typical Surface Cracks, Root Openings and Subsurface Slag in Welds, A 
tween cracks, laminations and Lamination on Plate Edge as Observed by Chip Inspection 
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sity as problem. Unfortunately, 
naflux inspection has either: (a) not received the 
nition it deserves, due to the almost exclusive use 
c. equipment and the resulting problems of pattern 
terpretation, which have not been confined to any 
up of inspectors, or ()) it has been the victim of much 
nwarranted criticism, as a satisfactory inspection tool, 
use of this condition. In either case, the responsi 
lity for this state of affairs is directly traceable to test 
lepartments which have: (a) overemphasized the harm 
fulness of porosity and other types of subsurface defects 
insisted on using the most sensitive method of 
lagnaflux inspection, even though, in practice, it worked 
heir disadvantage in the detection of surface cracks. 
[he author was so thoroughly convinced of this stat 
iffairs that, with the assistance of the Magnaflux Cor 
ration, he has investigated the comparative use of 
irect and alternating current equipment. In the inves 
tigation, the corporation assigned Mr. Carl R. Betz, on 
{its engineers, to act in an advisory capacity. Further 
more, the following conclusions and recommendations, 
based on this investigation, were checked by Dr. A. \ 
le Forest, president of the corporation: 


an inspection 


na h 


I. Nonrelevant Root Openings and/or 
ices.—Direct current, when used at the appropriate 
urrent, frequently discloses root openings and unfused 
it faces which are characteristic of the design and def 
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Fig. 12—Standard Points of Pneumatic Peening Chisels 
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Requirements for Corner Weld Reinforcement and Grinding 


l ‘nfused Root 





INSPECTION AND SALVAGE 








nitely intended by the designer. see Fig 
clusive.) On the other hand, root openings and unfus 
root faces are positively not disclosed by alternating cur 


7 } 1 1 


rent regardless of current density employed, unless they 


are tmmediately below the surface as shown in Fig In 
view of this, alternating current should preferably be 
used for the Magnaflux inspection of fillet welds in ge: 
eral. The disclosure of nonrelevant foot openings y di 
rect current has caused the soundness of sound wel t 
be questioned and has resulted in extensive chippins 
re-welding operations, high scrap losses and 

lays. 

2. Faceand Crater Crack Figure 4 shows that direct 
and alternating currents are equally effective in locating 
cracks in the faces and craters of welds in pl 1! rbor 
steels, provided the d.-c. Magnaflux pattern (pictur 
not masked by the pattern of an adjacent root openi! 
other subsurface discontinuity as shown in Figs. 5 and 6 

3. Subsurface Slag Inclusions This type of subsur 
face discontinuity is disclosed by direct current a how! 

TECHNIC NO. | TECHNIC NO. 2 
BASE METAL PEENED HOT & BEAD PEENED + a 
; PROGRES VELY SOLE CRoGrtEsS* 7 Af 








heron = j o! Aeeetrteet 
A rR RO a. 
A= a a XX TS SX = 





AFTER FINISH MACHINING 


Fig. 13—Sketch Showing Fundamental Technique for Pre 
Welding 





OF MACHINERY WELDMENTS 


















in Fig. 5. Its relevancy should be wholly based on de- to extensive chipping and rewelding operati 
sign and service requirements. scrap losses and production delays. 

4. Laminations and Segregations.—Direct and alter In view of the foregoing, the author is convin 
nating currents are equally effective in detecting lamina- this removal of uncertainty in the interpret 


tions at plate edges. (See Fig.7(A,B,C andD).) How Magnaflux patterns by the appropriate 
ever, alternating current 1s preferable to direct current combined use of d.-c. and a.-c. equipment, 
for the production inspection of laminations, as direct current densities, will facilitate a more scienti 
current discloses segregations and alternating current economic ap plication of Magnaflux inspection 1 
does not. (See Fig. 7 (/¢).) Here again, the exclusive in all types of products, To summarize 

use of direct current has resulted 1n industrial waste due 1. Alternating current should, in general, 
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Fig. 14—Diagram Showing the Potential Range of Contraction and Expansion Involved in Precision Weld 
ing as Obtained by the Use of Different Thermal Processes, Also with Various Cooling and Peening Pro 
cedures 
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Fig. 16—Proposed Qualification Test Specimens for Precision Welding 
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cracks and their reinspection after repairs have been 
made. Such inspection procedures are not production 
handicaps for they ultimately result in decreased cost 
through the elimination of chipping, improved techniques 
for the reduction in the number of cracks and their com 
plete elimination, in certain locations. 

5. When specifications require that laminated mate 
rial be kept out of a product, this can be accomplished 
in a relatively high degree through routine Magnaflux 
inspection of the part prior to its assembly in the product, 
using both direct current and alternating current. As 
previously pointed out, direct current discloses both 
laminations and segregations, whereas alternating cur 
rent discloses only laminations. Should laminations be 
later found in the product, their harmfulness should be 
analyzed on the basis of Figs. 8 and 9. 


Prohihition of Grinding and Peening of Weld Faces Prior 
to final Inspection 


The remarks on the grinding of flame-cut edges, under 
‘Inspection of Flame Cutting,’’ are equally applicable 
to grinding and peening of weld faces prior to the final 
inspection of the weldment. The principal reasons for 
their general prohibition at this stage of fabrication 
are the impossibility of properly inspecting the faces 


Fig. 18—Detail View of a Thrust-Bearing Saddle of a Complet 

Machined Diesel-Engine Block Weldment Showing a Defect 

Prepared for Precision Welding. (Repair Necessitated by 
Incorrect Salvage Procedure of a Flame-Cutting Defect 











faces in general. Another requirement of import 
in the fabrication of weldments for this type of pri 
is the avoidance and removal of metal slivers on suri 
Slivers catch lint causing the clogging of water, oil 
air passages. A considerable amount of educati 
the cleanliness of weldments is required in the ind 
for its own good. 
a. aa +4 The appearance of many a weldment has been ru 
“12- 10% —— It = —— by painting over weld spatter. In general, one is 
iz ) “" to secure a good indication of the class of workma: 
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Fig. 17—Fixture for Straightening Qualification Test Specimens 
for Precision Welding Shown in Fig. 16 


of welds if ground and/or peened and the fact that their 
use encourages defective workmanship. Grinding at 
this stage of weldment fabrication should, in general, be 
specially indicated by inspectors, and at no time should 
the peening of the faces of welds be sanctioned, except 
in a precision-welding procedure as outlined in Section 3. 
One of the few grinding exceptions is that of corner welds 
which should be a “‘must,’’ provided the weld is rein- 
forced at its root face or when appearance is the only 
reason for grinding and strength is not a factor. (See 
Fig. 11.) Unslightly corner welds can spoil the appear- 
ance of an otherwise excellent job. 


Inspection of Cleaning Prior to Final Inspection 


All weldments should be cleaned and the thoroughness 
required embodied'in the specifications for the product. 
For example, foundry flasks would only require the re- 
moval of the slag from the welds to facilitate their in- 
spection, whereas, in Diesel-engine fabrication, mill 
scale, weld spatter, sand, shot, grit and other foreign 
matter must be completely removed from all water, oil 
and air passages and surfaces, regardless of the procedure 
necessary to accomplish the results. This extreme care 
is necessary to avoid the scoring of bearings, the wrecking 
of pumps and physical damage to moving parts and sur Fig. 19—Defect Shown in Fig. 18 After Precision Welding 
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Fig. 20—Machined Surfaces of Thrust-Bearing Saddle Shown 
in Fig. 18 Built Up by Precision Welding 







roduced by an organization and its type of inspection 
y observing the cleanliness of its weldments. 
[wo cleaning methods have been found effective. 
first method requires the use of a light pneumatic 
scaling hammer and a wire brush, usually referred to on 
gs as ‘chisel and wire brush.’’ The second method 
sand (shot) blasting’’ which should always be used 
mill scale must be removed in addition to weld 
tter. This latter method also requires the use of the 
neumatic scaling hammer. 





i Hie 
awl 


Section 3—Salvage Techniques and Procedures 


salvage of Partially and Completely Machined Weldments 


Machinery weldments are invariably machined and 
ire therefore stress relieved to insure the obtaining ofl 
the required machining tolerances. These tolerances 
vill usually vary from +0.015 to 0.0005 in., depending 

the product, also the location and function of the 

ichined surface. Because of these close tolerances, it 

s usually inadvisable or impossible to use the welding 
process in the salvage of machined weldments unless 
the weld is in a location which would not change 
machining tolerances by shrinkage or by the introduction 

t residual and/or reaction stresses in the product; () 
recision welding can be employed to prevent shrinkage 

| avoid these stresses; or the amount of welding 

be appreciably reduced by making the repair pri 
narily mechanical. 

\s an alternative, an inspector can approve a defective 

luct if, in his judgment, the defect does not 

ct serviceability and/or interchangeability. The a 


(c) 


‘as is” 


tance of laminations, under certain conditions and 


certain locations, is a case in point. (See the previou: 


on, including Figs. 7, 8 and 9.) 


'10nNS 


re describing in detail the 


ling 


technique of precisio1 


, as developed by the author, for the salvage 0] 
inery weldments, it 


is essential that the following 





INSPECTION AND SALVAGE OF MACHINERY WELDMENTS 





related terms be defined melt, weldt, welding tre 

restraining stress, residual stress, reaction stress, hi 

peening, cold peening and precision welding. The tern 

weldt has been coined and the other definitior 

not necessarily agree with those previously appeari! 

in the publications of the Society 

Velt—Molten base metal 

Weldt— Molten base and filler metal, viz., molte1 
metal.”’ 

Welding siress A stress, the forces of which h é ther 
mal origin 

Restraining stress—The stress produced during wel 
by the expansion and concentration of metal contigt 
ous to a melt and/or a weldt 

Note: The contraction produced by a ‘‘melt”’ whi 


has cooled may or may not be less than that produ 
by a weldt of similar size which also has cooled 
Fig. 14. 
Residual stress 
or by mechanical treatment or both, 
or other processing of the material. 
stresses that remain after weldin 


+3 


during weldi 
gy or other processi1 


Reaction stress—The stress produced in a ] 
welded joint or previously welded structure, 
whole, by welding, temperature changes 
ind furnace) and/or service 

Note: The term reaction stress should, in 
or’s opinion, be completely divorced from the rigidity 
fixity of the joint being welded, as there is no str 
the joint until the instant that the first i 
melt and, or weldt have frozen 


stresses 


the 


crements 


gressively increased by the cooled and cooling iner¢ 
ments. The cooled increments can produce greats 
rigidity (fixity) than external restraint 

Hot peening—The mechanical stretching by hammeru 


of base or weld metal before the y have cooled to 
mospheric temperature. 

Cold peening—The mechanical stretching by hammer 
of base or weld metal at atmospheric temperatur‘ 


MACHINEO 
SURFACES 


Fig. 2]——Thrust-Bearing Saddle Shown in F 


Machir 


The stress is then pri 


Stress produced by thermal differential 


' 


These ire th 


reviousl 


itmMmos! he I 





{ 


iuth 









2) 


Precision welding—A metal are welding process wherein lechnique No. 2 
shrinkage 1s quantitatively controlled 






d) Take micrometer readings befors 
Plann ng tor Pre 1SiOM Weldin: €) Take micrometer readings alter 
The quantitative control of shrinkage by precision following operations the 







welding is an operation requiring care and skill and must ol eps ewe — a hot pr 
be carefully planned. Planning should include >. cael ola geckowe the coolin; 
the bead and contiguous bass 


> . - . > vs) } ba ] t OTs . “ 
The procurement of the following tool the ambient temperature 









Wire brush f) Obtain the difference between r 
|—Manual slag hammer. and (e). 
|—Medium weight pneumatic hammer with a Phe selection and procuring of enough e! 
>. : Ee ( ‘ y OUvT ( 
1'/o- to 2-in. stroke , _ " 
—* te , of the grades and sizes required 
4—Pneumatic chisels with points shaped like 


{. The training and qualification of a weldi: 
tor, by means of the fundamental techniq 
lined in Fig. 13 and the qualification 
lined in Fig. 16. 

5. On very important jobs, the procurems 
mechanic (preferably a machinist) to ta 
cord and immediately calculate the mictr 
readings, unless the welding operator i 
in the use of precision tools. 


the end of a man’s thumb, middle and lit 
tle fingers. (See Fig. 12. 

\ir hoses in addition to the one attached to 

the pneumatic hammer 

| or more—Appropriate micrometers. Occa 

sionally, also strain gages. 

2. The furnishing of suitable printed forms for re 
cording and controlling shrinkage by one or 
both of the two following precision welding 
techniques. 


) 












Detail Description of Precision Welding 


Pechnique No. 1: Up to May of this year, the author's practic« 









a) ‘Take micrometer readings before welding. has been to hot peen the weld metal, and the bas 

b) Take micrometer readings after all of the was only peened when it was also necessary to ' 
following series of operations: the depo- secure the required tolerances 
sition of a weld bead, the hot peening At this time, an extensive investigation of 


of the base metal immediately adjacent welding was conducted which clearly indicated t! 
to the bead and the cooling of both the bility and desirability of exclusively peening th 
the bead and the continguous base metal metal, either hot or cold. However, as hot peeni 










to the ambient temperature found to minimize the development of cracks, it h: 
c) Obtain difference between readings (a) and adopted as standard practice in both Techniqu ! 
b) land 2. The results of these tests are briefly sum: 


Fig. 22—-View of a Completely Machined Diesel-Engine Block Weldment Showing Bores Which Were Ma 
chined Oversized and Salvaged by Precision Welding 
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le 3—Physical Properties of Weld Metal Deposited by Precision Welding *Using Techniques Nos. 1 and 2 


Ultimate Vield Elonga Restrained Free 
Strengt! Point tion in 2 Bend, % Bend, 
Type of Specin Fig. No Technique Lb./Sq. Lb./Sq. In In., % Elongation Elongati 
Base metal 5 (A 56.700 3 566 iT 0) 
No. 1 (1 layer 73,500 55,8 28 
Weld and bast tal 15 (B No. 2 (1 layer 80) 000 60,106 / 
No. 2 (2 layer 82,100 68,60 
All weld meta ld (C No. 2 (multiple layer 85,201 73,45 J 
Base meta » (D 15 ‘7 
No. 1 (1 layer 
Weld and base metal 15 (& No. 2 (1 layer é 
No. 2 (2 layer)* 18.7 i 
precision-welded specimen of each variable was teste he data for the base metal specimens are the average of three 
ised for machining defects. Improved ductility is due to the annealing of the first layer by the mid layer whi 
yved in these two test specimens. Direct comparisons of the physical properties of the metal obtained with the two te 
ply only to one layer deposition 
lable 3 and in the text.- The test specimens Some lyf Salvage Operations I) ss 
the physical tests of the weld metal deposited Weldin 
precision welding are shown in Fig. 15. [he -precision-welding process is being used by ] 
mproved ductility of the metal in the precision banks. Morse & Co principally to build up b 
( rea, aS shown in Table 3, also the greater peen dles and other parts ot I hese] engine block wel 
yrange with less peening, appeared so attractive that ind auxiliary parts which are found by the machine 
" immediately applied in practice with complete to be inaccurately located: accidentally scors nara 
Iccess fhis investigation also led to the develop faced oversize during machining laminated rt 
if the qualification tests outlined in Fig. 16 which, py flame cutting or otherwise defective , 
turn, will make possible vast economies 1n welded iso used for the <" ive of completely or part 
ication as compared with the unavoidable high ¢hined gray iron casting Some of these 
rap losses ol castings due to defects discovered and tions have required sevet or their 
rs made in the machine shop. As we are dealing Figures gS 19 90 nd 21 show the thrust-beari 
vith machinery weldments and as precision welding is_— saddle of a stress-relieved and completely 1 hing 
rimarily used in this type of fabrication to correct cylinder Diesel-engine block weldment wherei 
ychining errors, a detail description of the process will seat. also the saddle and thrust bearing 
restricted to the building up of surfaces by one laver cision welded because of inaccuracies caused bv t 
weld metal. This description ts as follows vaging of a flame-cut scar in the location show1 
S This weldment was once scrapped bs the 
Use A.W.S ; in. E 6020 electrodes, at approxi salvage operation described was ¢ sidered in ib] 
itely 105 amp. and 4, 5 or 6 beads per inch (6 beads by the Company’s Diesel Engineering Di 
ferred) by both the Company ind a Customer 
Use either Technique No. 1 or No. 2 depending Department. Subsequent to salvaging, thi 
the physical properties of the metal desired in the for several months, been subjected to a s« 
salvaged area Technique No. 1 is to be preferred if test lo datg¢ there has been no indication of ilure 
greater ductility is desired with a greater peening rang [t should be noted that Technique No 4 
ind less peening, whereas Technique No. 2 should be used Technique No. | had not as yet been devel 
| higher yield and ultimate strengths, also harder metal, 
ire wanted. (See Fig. 14 and Table 3). In any case al 


iys maintain (if possible) a positive tolerance of 0.002 
0.003 in. throughout the entire salvage operation so as 
to be assured of final accuracy without the necessity of 
normal or excessive peening of the last bead or beads 
ccurate control is once lost, it is very difficult, 1f not 
impossible, to regain it 

Remove the slag from the bead with a manual 
scaling hammer immediately after its red color has dis 
ppeared. Sometimes a quick wirebrushing 1s also d 


SU ible 


Sar oes Se ows Se 


Immediately peen, using the technique specified 


" lurn the compressed air on the bead and con 
tiguous parts of the structure, in full force, as soon as the 

metal or bead has been peened enough. The com 
az pletion of cooling should be judged by using the bare hand 
mpare the temperature of the area welded with the 

ections of the structure not affected by the welding heat 





Do not restrain any part of the structure. Pre - 
welding is facilitated by a free movement of the oy 3 
tor parts welded, and these parts should be progr: ame ; 
y measured so as to insure, if possible, the mainten Fig. 23—Detail View of Salvaged Laminated Bearing Saddle 
of their original dimensions. Post, After Rough Machining 
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Figure 22 shows six lower bearing saddles of another 
tress-relieved and completely machined block weld 
ment which have been salvaged by precision welding on 
iccount of being bored oversize 

Figure 24 shows the salvaging by precision welding of a 
post of a stress-relieved 
partially machined, Diesel engine block weldment 

Not! In Figs. 21 and y. 9 tolerances icrOSs Cap fits 
is close as 0.0015 in. were obtained on the completion 
of welding 


laminated bearing saddle and 


Figure 24 shows the building up of a counterbored sur 
face on an ll-in. diameter deck bore which was ma 
chined oversize Maximum and minimum tolerances 
of 0.0043 and —0.0028 in., respectively, were obtained 
ifter 14 hrs. of work. These tolerances were for readings 

\" and “B.” During this time 20 beads approximately 
} in. long were deposited, peened and cooled and six 1n 
dependent micrometer readings made between the com 
pletion of one bead and the deposition of the next one 
Four of the six readings were in the adjacent bores. 


Other Salvage Methods 


Bushings, pads and other shapes are resorted to and the 
parts held in place by welds of specified size and continu 
ity when precision welding cannot be utilized because of 
inaccessibility of the area to be salvaged or because of the 
uncertainty of maintaining the necessary machining tol 
erances. The following should be noted in connection 
with the use of bushings 

\ normal press fit of 0.003 to 0.004 in. 1s, in gen- 
eral, all that is necessary to insure a metal-to-metal fit 
when bushings are held in place by strength welds. 

b) Strength welds are far more effective than press 
fits in maintaining a metal-to-metal contact in service 


ALi 


( If bushings are of small cross section, press fits i 
excess of the amount specified may produce permanent 
sets and thus a loosening of the bushings. On the other 
hand, if bushings are of appreciable cross section, such fits 
may cause changes in the permissible tolerances of con 
tiguous machined surfaces 

d) In general, fillet welds should not be used which 
ire smaller than the !/4 x */,4 1n. or »X lin. Further 
more, at least three or four should be specified 

é Sper ial care should be taken to be assured that 
the welds are not reduced in size when the part 1s ma 
chined. 

Rings or bushings should be flame cut or other 
wise obtained from solid stock, stress relieved, machined 
ind inspected before being used. 

Chrome plating can be advantageously and economi 
cally used for building up surfaces from which not more 
than 0.002 in. of metal has been removed and the 
can be physically handled in the plating tank. Metal 

praying can be applied on gasket and press-fit surface 
when knurled grooves can be used to obtain a good bond 


parts 
I 
| 


nd the end grooves can be located away from fillets so 
that they do not function as stress raisers 





Ss rap Los yes 


Our Company's present high state of development of 
salvage technics and procedures, as applied to weldments, 
can best be illustrated by a reference to the scrap record 
on its 8'/s x 10 opposed piston Diesel engine blocks 
On these weldments, there are approximately 5000 sur 
faces which are separately machined; yet to date, only 
one block has been scrapped out of a total of nearly 1SO00 
which have been processed in the machine shop. Even 
this block, which was scrapped due to a machining error, 
could have been economically salvy ged il a series ¢ 
special exhaust belt decks were provided. It is at present 
being used for instruction purposes. Another interesting 
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Fig. 24—-Counterbored Surface of an 11-In. Diamets 
Bore of a Completely Machined Diesel-Engine Block W: 
Which Was Built Up by Precision Welding 


phase of this salvage procedure ts the fact th 

the past year, 1t has rarely been found nece 

mechanically attached parts in salvage ope 
If these blocks had been castings, many 


fects which are readily salvageable in machi 


ments would have been jointly accepted by 

ing department, shop supervision and inspect 
addition, it is believed that the crap loss due t 
ing errors and casting defects would have beet 
30%. On the other hand, the fact that wel 
more readily salvageable than castings make 

to abuse the process by salvaging error 


which cannot in any way affect the serviceabil 
product 
It cannot be too strongly emphasized that 


ince of salvage as a routine procedure in wel 


rication, and the preparation and use of ‘‘Sal 


irds’’ (for those parts and locations which are 
repetitive defects), does not necessarily condo1 
courage defective workmanship, proveded thi 
bilitv for the defect is ferreted out 


steps taken by management and supervision to 
recurrence, in so far as it is humanly possible It 
can render industry a real service by the fullest 
tion along these lines Chis includes the pl 


supervision, of inspection and salvage proce 
avoid the holding up of production which is oft 


ously expensive due to idle time of labor and/or 





ing down of a setup and resetting up for machinu 
use of precision welding as outlined herein gr¢ 
tates such cooperation on the part of inspect 
ictual procedure of salvaging can frequently b 
until other operations have been completed 





(Jb 7ective ind lL ses of Salvage Ke e 


No detail of a salvage operation 1s left to cl 


of the Company’s major products and ly 

ird ire also in use on repetitive defects in the 

ucts \s soon as a defect is discovered i seri 

bered “ top “tag with a < rrespondingly nul 
stub” is attached by an inspector of the Con 

the defective part and a “PSR Preliminary 


Request) prepared in triplicate by the superi 
of the shop in which the defect is discovered 

The original copy of the PSR is forwarded, 
stub attached, to a Supervising Inspector spect 


signed to salvage, the first carbon copy 1s pla 








material or 
he second carbon copy retained by the Superin 
Che information on the original copy of the 
by the Supe ing Inspector to prepare an 
ige Request) in quadruplet, using a sketch 
possible. 
propriate approvals of the four copies of the 
een obtafned, they are distributed as follows 
Copy.—Customer’s Representative or Com 
s Chief Inspector, depending on whether the 
“Customer Inspected” or a ‘‘Non-Custom er 
ected.” 
urbon Copy. 
or involved. 
Carbon Copy.—Superintendent involved for 
information and use on shop floor in the salvage 
ition. 
copy replaces the first carbon copy of the 
which had been attached to the detective material 


rt 


ype attached to the defective 





The Company’s Supervising In 


Carbon Copy. (with attached stop tag stub). 

p Inspector (Customer or Company responsible 
final approval) 
the job is customer inspected and the Customer’s 
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N THE past three or four years, since the beginning 
the emergency Shipbuilding Program, a number of 
very good articles on Welding in Ship Construction 
have been presented to the industry. There were many 
papers clearly showing the advantage of welding, such 
is the simplicity of design, the saving of weight, the 
saving m labor and other numerous items. In the short 
space of three or four years, changes have taken placs 
and developments gained through experience with this 
new, modern type of construction 

I would like to review this period and discuss some of 
the main points in the evolution of ship construction, 
from a welding standpoint 

No doubt you are familiar with some of the things | 
shall mention in this paper, either through your own ex 
perience or through reading simular articles. Some of 
the points that I may bring out may even seem radical 
but it is my desire to call attention to them, having nr 
mind that discussions may bring out some ideas that will 
improve the design of our future ships. 

At the beginning of the emergency shipbuilding pro 
gram, late in 1939, when the Maritime Commission had 
issued contracts for the construction of various sizes of 
C-type ships, only a few companies adopted a 100° 
welded type of construction. These companies had had 
1 wealth of experience in welding, and had at least a nu 
cleus of competent, welding-minded personnel. Needless 
to say, an undertaking of this nature, the welding of a 
hull structure 400 to 500 ft. long, offered a problem of 
considerable magnitude 

Looking back, I doubt if we would be using welding 
so extensively at the present time were it not for the fact 
that the progressive engineers of the Petroleum Industry, 
of many Municipalities and of Government agencies, 
such as the Bureau of Reclamation, had accepted welding 
as a method of construction of various refinery pressurs 
vessels, pipe lines, penstocks, etc., long before welding 
was generally accepted as being more than just a me 
chanical process that could be used for repair jobs. We 
ill remember that not long ago—say about 15 yr 
welding was hardly mentioned in the ASME Boiler 
Code, unless it was for some minor repair to boiler at 
tachments. Now not only do we unhesitatingly tackle 
anything that adapts itself to welding, but we are ac 
tually looking for things which we believe could be con 
structed better and more economically by welding. 
Chere are many examples; for instance, pipe fittings, 
valves and manifolds, that were formerly cast, are now 
beautifully welded and at a saving in cost, not to men 
tion a great number of other structures such as gears, 
gear casings, etc. 

\t this time I wish to mention that an undertaking of 
this size in time of emergency would not have been pos- 
sible had there not been progressive and capable men at 
the head of the American Bureau of Shipping, the Mari 
time Commission, the Navy and the Army who had con- 


* To be presente at the Twenty-Fifth Ann Meeting, A.W 
Ohio, Oct. 16 to 19, 1944 


t Western Pipe & teel Co outh an Francisco, ¢ 
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fidence and vision for the future of welded const 
They were certain that any obstacles would be « 
because they believed in the fundamental prin 
welding. 

Confidence in welding and its application t 
structures was gained through the research wor} 
part of scientists and technical schools, who stu 
only the metallurgy of welding, but also the beh 
welded joints under varying stresses. Resear 
stantly is going forward and its findings are fl 
increasing volume into the hands of designers 
and welding engineers lremendous amount 
engineering material will be available to all at 
clusion of the war. Much 1s being accomplis! 
that is not generally known, for obvious reas 
welding is branching into so many fields of FE: 
that each field eventually will present a lifetim: 

Very little, if any, help could be obtained fro 
as to construction and welding methods, equip 
organization, and there was a tremendous short 
trained welding designers, detailers and super 
sonnel. So the construction of 100% welded 
this size started, in most cases, with only the ent! 
and firm belief of builders in welding, plus thei 
and desire to work and produce something that w 
to this time, only a dream. 


vi 


Emergency yards, due to the lack of experience 
builders in their organizations, had to bring in old t 
either from retirement or from established shi 
and forge them quickly into an organization charg 
the responsibility of building modern vessels. 

Needless to say, thoughts regarding the met} 
construction and assembly of the ship varied 
Old-time shipbuilders were influenced by rivete 
struction ol the hull, and, i] gener il, were skeptu 
new construction methods.’ 

Traditions of building riveted ships prevailed thr 
out. It was extremely difficult to transform old 
overnight. The ideas of old-time shipfitters d 
properly fit into welded construction, where toler 
shrinkages, warpages, locked-up stresses, had to b 
sidered seriously. Lack of trained welding per 
greatly affected construction in the early stages 
program. Many and various methods of assembl 
fitting up of component parts were tried. 

Che welding engineers had to sell many new id: 
to how parts should be erected in order to proper! 


care of shrinkages. Some attempted to predict 


amount of shrinkage per joint and make proper allov 


in layouts; others allowed extra material at c 
joints to be cut off when all the welding up to this | 
was completed. The over-all results were practi 


the same. Personally, I believe that, with a proj 


quence of welding, the extra material left in ce: 
places will take care of this nicely. Predicting shrin! 
and making allowances in the length of various asse 

units of the hull is very uncertain and may lead to set 


consequences if it is not properly engineered by tt 
pe rsonnel. 








\y r point of controvers” was the arrangement of 

whether to have them im line or to stagger 

lthough the efficiency of a welded joint was ac 

100°), there was still some doubt in the minds 

vho believed that it is somewhat “‘safer’’ to stag- 

itts in the shell and let them run into solid plate 

iditional factor of safety.’’ This theory was 

irded and comparatively large sections of shell 
fabricated with the butts in line. 

was the for all the difficulties en 

|in hull construction. If the over-all length of 

was more than specified, after the hull was com 

elding was responsible because heat ‘“‘expanded”’ 

if it was shorter than specified, then again it 

1S ling because it had “‘shrunk’”’ the steel. It was 

istomary to blame welding, because of its newness as a 

of construction, for all the irregularities that oc 
irred in the course of construction of the ship. 

Materials, equipment and methods, associated with 

went through their several stages of develop 
ind each contributed its share to the progress of 
the art of welding. 

Four years ago, when emergency shipbuilding program 
tarted, the steel industry was not prepared to meet the 

juirements of modern welded construction. Ther« 
was available practically no structural steel of symmet 
rical cross sections, so much desired for welding, and de 
signers and builders had to do the best they could to 

lapt the structural shapes, designed for riveting, into 
new modern design of welded ship. 

Lack of structural shapes of the desired cross section 
ertainly presented a considerable problem to designers 

1 builders to properly satisfy primary requirements 

| principles of welded construction. In spite of this, 

still was possible to utilize available old sections with 
me modification and save considerable weight. 

Some builders adopted the European idea of using ser 
rated beams in various parts of the ship. This type of 

m yields itself very nicely to welded construction, in 

lition to saving weight, in comparison with the con 

ntional type of beam—either angle or T-bar-—of the 
me strength. 

Let us hope that when the emergency ends, we shall be 
ible to give our immediate attention to designing new 
structural shapes that will meet all, or at least most, of 

€ requirements that are necessary to :ccomplish a pel 

tly welded structure of the hull. 
Che quality of mild steel for welding did not improve, 
lif anything it decreased in uniform quality, which 
iturally has been due to the tremendous stress placed 

n steel manufacturers to produce enormous quanti 
ies ol steel required by the war industries. 

Flame cutting plays an important part in the fabrica 
ind erection of welded ships. Edge preparation for 
welding by flame cutting contributed greatly to the econ- 
of this operation. There are many types of burning 
chimes which are satisfactorily used in trimming 
lates to any desired bevel in one operation. A number 
chines are being used with multiple burning torches 
cutting out shapes of any imaginable design in a 
single operation. Improvements in Flame Cutting and 
pplication to fabrication have been innumerable. 
speed up the operation of ‘“‘back-chipping, 
gauging burning tool was developed which is successfully 
used by practically all the yards. It speeds up the prep 
iration of jomts for welding and does a very commend 
job. 
e are all aware that Automatic Welding plays a very 
unportant part in any welded construction. There is no 


goat 


doubt as to the quality of a weld produced by the auto 
tic welding process 
fast. 


It is very economical, efficient 
Automatic welding is capable of producing 
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the best quality of weld yet known It has 


highest requirements for welded joints as to pl 
chemical properties of deposite d metal 

During the emergency shipbuilding program, we 
rod manufacturers contributed much by impr 


only the quality of electrodes, but also the met! 


depositing the metal. With the improvement 


trodes, corresponding improvements in the gq { 
deposited metal resulted. Electrodes are designe 
the use in various positions, where they can prod! 
maximum efficiency in the amount of deposits 


as well as the highest quality 

loday, there are many selections in we Iding 
for all purposes and almost any condition of we 
any plant or shipyard Phere 
that can be used with either 

Manufacturers of welding rod are 
universal type of electrode that can be used in any posi 
tion with either a.-c. or d.-c. current, and produce a hig 
quality weld with high-impact values and ductility, 
specified by E 6010 and E 6011 classes of electrodes. | 
should not be surprised if this type of electrode is avail 
able to the industry before long. 

A variety of different edge preparations for butt 
ing of shell and deck plates were tried out to suit each in 
dividual taste. Some yards believed they could pro 
duce a better quality and time using single-\ 
joints; others used a square edge on one plate and single 
or double bevel on the other, and soon. Many types ot 
butt joints were tried in actual service, and some of then 
were discarded as unsatisfactory for various reasons 
These reasons, naturally, were that the welder was u 
able to produce a satisfactory joint, or was unable to de 
posit metal in the groove without leaving excessive po 
rosity in the weld metal; or was unable to fuse 
together. 


types of electrodes 
or d.-c. current or both 
striving to produce 


are 


| ( 


weid 


Save 


the plates 


Personally, I believe that the double-V jomt for butt 
welding 1s the best type. It presents itseli very readily 
for balanced welding, consumes less metal, can be pri 
duced with less warpage or distortion, and, most of al 
truly follows the general and most important rule of bal 
unced heat application and balanced appearance of joint 
Chis type of joint avoids the eccentricity of stress distri 
bution through the joint. Internal stresses are nearly 
equal on each side of the neutral axis of the plat 
We all know that eccentric loading, either exten 
ternal, complicates the joint or the structure, and wher 


ever possible should be avoided 


The argument that this type of joint ma the 
erection of steel, or that it takes longer to weld, | 
good foundation. Crews necessary to produce this type 
of joint in proper sequence of balanced welding from one 
side and the 
compete with any kind of joint, in 
out any difficulty 

“Twin-are’’ welding was tried and, to a cet 
proved satisfactory. Twin-are welding is accomplished 
by two welders welding a butt joint opposite each other 
one on each side of the joint. Although the id r 
this procedure is to eliminate back chipping, thi 
reason 1s still to achieve balanced welding 

Recently welding rod manufacturers made us« the 
principles of automatic welding and adopted its techniqu: 
for hand welding. By controlling the amount of curre 
speed of welding and the rate of burn-off of welding ros 
it 1S possible to obtain deeper penetr 1t101 ind sounde 
and stronger fillet welds, than 
method of hand welding 

Some difficulties were encountered with t 
but it is reasonable that a 


other can be so organized that the wil 


time consumed, with 


with the I enti 


his procedure 
: 


to believe solution will be 


found soon since the basic principle of this technique 
sound. 














One of the yards proposed, on the basis of actual 
construction and to substitute continuous 
welds” in place of conventional intermittent welds. This 
was done in order to conserve welding rod, time and, 
therefore, cost 

The *“‘'/s continuous weld”’ is the procedure whereby 
one complete rod is deposited on one side of the mem- 
ber, then next one on the other side of the member, and 
oon. The welds on each side overlap each other about 
In this case, the length of the fillet weld is deter 
mined by the size and length of the welding rod used in 
making fillet welds 

This change in design was presented to The American 
Bureau of Shipping and the Maritime Commission and | 
believe it was approved. 


tests, 


la 


The sizes of welds and spacings were necessarily based 
on rivet sizes and spacing. The amount of weld was 
specified to transmit the same stress as rivets were doing. 
At the time, it was the best way of determining the con- 
nection, since there was not sufficent time or the trained 
personnel to design these joints from a purely welding 
standpoint. Various parts of the ship were left exactly 
as they were on riveted ships and the rivets that joined 
these parts were replaced by an equivalent amount of 
welding. Butt straps were replaced with either butt or 
lap welds, connecting angles removed and the main parts 
of the connections fillet welded. 

Each yard handled its own problems and made changes 
to suit its own conditions. The yards worked together 
and exchanged ideas constantly. The American Bureau 
of Shipping and the Maritime Commission were very co- 
operative and helpful in approving the various suggested 
changes in design or procedures. This certainly helped 
to increase production, reduce the cost and enable the 
yards to do a better job with the equipment at their dis- 
posal, 

It is proper to mention at this point one thing that 
showed a trend in the right direction—namely: reducing 
the sizes of the welds. While it did not go as far as we 
would all like, nevertheless it was a step in the right di- 
rection and an attempt to break away from something 
that was influenced by the riveted type of design. 

This step changed the large size intermittent fillet 
welds, closely spaced, to continuous fillet welds of re 
duced size. For example: */sx 3in. fillet weld spaced 6 in 
can be changed to °/;.-m. hand, or '/4-in. automatic con 
tinuous fillet weld. This change alone saved many hours 


of pick-up welding, as required by inspection t 
improperly spaced fillet welds. 


The main point of this concession, in my o; 
that the majority of welds, say in the doubk 
were brought to the economical and reasonab] 


l 


to provide necessary strength 
lhe designer should know and appreciate the 
in cost and value in specifying the size of weld f 


positions. 


/«-in. continuous fillet, which in most cases, is 


1Z¢ 


We know that intermittent fillet welds pro 
shrinkage than continuous welds, but so long as 
to take care of shrinkage, a little more of it c 
well be cared for either by allowing for it or by 


extra material to take care of 


from shrinkage. 


Other factors such as time, 


cost, should be considered 
bad as, or possibly worse than, not enough 
welding actually weakens a structure instead 


ing strength. 


the shortening 


material and, 
Coo much weld 


Oversize welds not only waste 


rod, but they add unnecessary heat mput ar 


man power 


Table | 


shows comparative values as to the 


In some cases it is better to put lon; 
of smaller size, than shorter welds of larger si 


welding rod and time required to make 100 ft. ot 
three common sizes, in various positions 


From the table, we can see that the 


ig-1N. I 


requires about 56% more metal than *'/, in., a 


requires approximately 
time consumed in depositing the various sizes of fillet 


1307 


more than °/i¢ 


} 
i 


1] 
I 


Tit 
11 


down-hand positions does not vary appreciably 
reason that large size electrodes are used to dey 
required fillet in one pass. 


When we compare the vertical and overhead | 
in which positions most of the welding has to | 


formed on a ship, the total time consumed in m 
different sizes of fillets varies considerably 


note that arc-time hours, that is, the 
quired to deposit a certain size of fillet weld in 


actual 


I 


inl 


t 


yt 


Yo 


tit 


and overhead position, is practically the sam 
efficiency factor is different, however, because 
greater in the overhead position than im the verti 


; 


i« 


Now, suppose that for some reason a -in. fillet 
was specified in a certain place where in. fillet 
would answer the purpose. It will take 32.50 


deposit 100 ft 


oO! 


s-in. fillet weld in the overhe 


Table 1—Comparison of Maximum Welding Time Required to Weld 100 Lineal Feet of Various Sizes of Fillet Welds 
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FATIGUE FAVCT OK FOR VARIOUS WELDING POST/ONS 
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eT 1) 


re hole without leaving a1 


my 


5, it 
in. fillet 
weld 


versized 


rr engineet 


14.52 hr. for 
| position, it will take 24.38 hr. for the */, 
ind only 10.8 for the '/, 





fillet weld. lh 
in 


In 


the “10 


in. fillet weld. 


takes more than twice the time to de 
weld than it would take for the 
weld specified on a drawing by a 


without good reason or study, 


iderable amount in wasted man-hours and ma 
t counting the actual harm done to the structurt 


ersized weld. 


ler the C-type cargo ships 
the general principles of welding design. 
d still is, based o1 
sufficient time or 
hips of this size on 
ike radic 


ed desig l 


from something that had been provec 
ut for a new ty) 
| out sufficiently to clear up all the points 


al chat 


prove eac 


frue, we are apply 

But 
1 the riveted design. There 
ictual data on the behavior ol 
which to base definite conclu 
ives from the riveted design to 
Moreo had to be cautious 1m 
’ 


a 


ver, we 
ind vo 
or construction that had not 


So 


h point as we went along and proceed 


wlv with change 


ficiency of 


the welded butt joint is accepted d 


vhich means the welded joint is just as strong 


nt metal it joms 


neous, 


through the parent | 
(OT course, 


ption 


the weld 1s ma 


conti 


Structurally, it produces a 
member which transmits 
late and joint alike without 
this must be true 


with full penetration 


uous 


ill Cast 


11x 
OLY 


le properly, 


symmetrical crown. 


( rly welded rat ions Ol 


lates with 


but were 


hulls specified inserts 
inherited from riveted 
the radius corners 


mers 


squ ire 


SOO! revised ind 


provided. It w not long before every weld 
| man became tch cCOoTISCIOUS, nd seriously 
ited that it is next to impossible to cut out 


otch im the corners. 


he Hull Designer, among many other things, is pay 
rticular attention to the shape of the hull, so that 
present the least possible resistance to the outsid« 
wind and sea In other words, he streamlin« 
utside shape of the ship just like the designers « 
mobiles, locomotives, etc. We are all aware « 
external forces and try im every way to avoid thet 


treamlining the exterior of the structures. 


Ve 


( 


tiie 


should have the san 
tions betwee 
onnections should be 
in sections, 


flow of stresses 


idea in mind when we desis 


it 
n the main members of the structuré 
simple and provide a gradual 


so as to present the least resistance 


Unbalanced connections intro 


secondary stresses in the structural members, and 
iddition to thermal stresses created by welding, may 


sult in failures. 

mnections the stresses may be directed through 
channels and flow in a normal manner. 

Chis rule applies not only to a member or a connection 





ilso to a joint itself. 


By rearrangement of parts comprising 


Symmetry and balance should 


given due consideration, when selecting the type ol 


l or groove for a join 
Ssert plates in the deck or shell plating should be 


lually scarfed to the thickness of the thinnest plate, 
the weld should be no greater than that required for 


thinnest plate. 


essary for king posts, ma 
letallurgically, the 
ought out before, 


After all, the heavy insert plates ar« 


only to compensate for the material cut out from 
original plate, 


and to reinforce the openings that are 
sts, sea chests, etc. 

joint is just as important. As 

the weld metal must be as clos 


ossible to the physical and chemical characteristics 


it 


parent metal 
trength and elasticity 


[It must have the same qualities 
l here would be no obiect, Lor 









example, in 





link. 


inserting a 
chain, because the chain would be 
weakest 
metal deposited in a joint, 


In 


the chain 


we 


high-tensile 





yt 
i 


parent n 
should have 


Strengt 
bound to 


; 
Cl 


| . 


} 


uniformity, just as we should have structural 
ing that will tend to avoid concentratio1 
provide a umiorm path, or gradually ch 
stresses to travel 

Now let us examine the inside structure 
shelter deck of a ship and the bottom 
portant parts, from a structural point of 
i ship’s hull may be compared to the beam 
carries a complicated load It is true th 


1T) 


i 


is hardly possible to 
structure and be abl to predict the 


service 1s subjected to such cot 
the 


trace 


| 
Tip ie 


ited 


se forces thr 


But we still can investigate it by app 
rules of stress analysis. We all know that 
ing 1s at its maximum in the outer fiber 
the hull structure we can compare the t 
bottom of the ship to the two outer fl 
where the stress is maximum, with the neu 
section passing somewhere between the t 
bott n shell 

When a ship ts at sea, the hull 1s « st 

bendit_g, and stresses in the t eck an 

the ship alternately change fr the t 
resst Tl 

The botton t the hull resent lau 
struction, with tank top, longitudu 
floors Che secti f the bott chang 
uniformly by « th treamline 
There are no abrupt changes in sectio1 

nnections ar imple and b ed 

ings ol magnitude to caus 


rupted flow of 
f this part of thi 


iS spaced relatively close t the botto sI 
idered very effective in helping the 

ig to act as the uuter flange of the be 

good part of the maximum stresses that art 

there. 

We look for and pay particula ti 
fairness in the bottom plating an ect 
kinks 1n the plating between the transver 
cause the collapse of the outer flange of 
due to compressive stresses The top di 
strength decl whichever you may prefer 

lust perform the same duty as the bott 
namely, act as the outer flange of a bean 
stands now, with the multitude of insert plat 
thicknesses, and big square openings, with 
complement of reinforcement, it presents ¢ 
plicated highw iv for the stresses to travel th: 

Che midship area of the hull is subjected 
mum bending stresses and should be so di 
present the least possible resistance to the fi 
stresses Instead, we find that, in this most 
ve have a big, square opering that abru 
nore than a third of the effective area « 
ypening 1s usually made with sharp, sat 
By A und the girders, which are ] 
lesigned to resist the 1 11 
through the deck with rupt ch ( 

rm the hatch coaming eeti the 
the opening with square « ers on the 
irrangement puts together tw: the w 
the sare place, because stresses in thi 
listributed throughout their full widtl 

lenly have to crowd themselves 11 
ibruptly reduced by at k thir 

Changes in deck plate thickness 
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ship 





uray 


stresses through the longitud 


actual flov 








plates, throughout this area present the same condition. 

rhrough the experience gained thus far, I believe that 
in the future the top deck will be designed and con- 
structed somewhat differently than it is now. Some 
improvement in hatch corners has already been made by 
providing a radius in the corner of the insert plate, al 
though it leaves the hatch of the same square cross sec 
tion. By increasing the thickness of deck plating 
throughout the midship area, and providing oval (see 
Fig. 1 (B)) or some other shape of hatch opening, with 
long radius corners, so that the stresses may easily and 
without obstruction flow through reduced areas of the 
deck metal without concentration—there will be no 
reason for having corner insert plates. As it is now, the 
only reason for the corner insert plates is to reduce the 
intensity of concentrated stresses by prov iding more area 
of metal 

If means are provided to give a free, unobstructed pas 
sage for stresses, there would be no reason for these 
corner insert plates. 

The arrangement of the deck plating will be much 
sunpler by using longer and wider plates, which will re 
duce the number of seams. Reinforcement of the open 
ings for king posts, masts, etc., will be achieved by some 
other means than insert plates, in order to keep the cross 
section of deck plating as uniform as possible, and in 
order to simplify the welding procedure, thereby reducing 
warpages, shrinkages and stresses associated with weld 
ing. 

Supporting members of the decks, such as hatch end 
beams and longitudinal girders, certainly will be of dif 
ferent shape than the present L-shape. The L-shape 
section in itself is unbalanced from a structural stand 
point and presents a difficult problem for designing effi 
cient balanced connection 

In some welded ships, the side shell plating extends 
ibove the top deck approximately 5 to 7 in. to form a 
gunwale. We all appreciate the importance of having 
the edge of the gunwale smooth, without sharp indenta 
tions; we do not want any deck fittings or other parts to 
be welded to it, because any notch in it or fitting welded 
to it, will abruptly change the section of the gunwale and 
concentrate the stresses at this point. The uppermost 
edge of the shell plating that extends above the deck is 
part of the top flange of the girder and is at the outermost 
fibers of this flange, where the stresses are the maximum 
[he area of steel in just that portion of top flange of the 
girder (gunwale) is very small and therefore greatly over 
stressed. To what extent this section of the hull girder 
is overstressed, I do not know but the fact remains that 
conditions of this nature exist. 

The gunwale is inherited from the riveted design, in 
which it had the purpose of forming the top connection 
between deck and shell. In that type of design, it prob 
ibly had some structural value, since there was, in ad 
dition to the shell section extending above the deck, also 
bounding angles on the top and bottom of the deck, con 
centrating a considerable area of metal that served to 
distribute stresses in this section in a manner not so se- 
vere as it is in welded construction. In its present form 
the gunwale is just as detrimental to the hull girder as 
an excessive buckle in the bottom shell, or continuously 
welded bilge keel, and probably more so. 

It is reasonable to believe that in the future the gun 
wale will be eliminated entirely, at least through the mid 
ship area, unless there is a very good reason for retaining 
it in its present form. If there is, I am sure there are 
ways of providing for its functions in such a way that the 
gunwale will not be an integral part of the main struc 
ture, and will have no influence on stress distribution in 
the hull structure itself. 

Sea chests, and other outlets, cutting through the 
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shell plating are reinforced again with insert plat 
greater thickness than the shell plate itself. 
jority of cases, the size of insert plate, to compensat« 
was determined without any regard 1 
location of seams and butts in the shell, which undu! 
another additional burden on the prosecution of wel 
Recent designs for certain ty 
tially realized the problems of welding and made 
insert plate as part of the complete shell strake. 
Openings that may come 


es of ships at least 


iny strength section 


oa 














re an evil necessity and should be cared forin fairly sure that the findings are not too alarmn 


















that they will not aggravate the condition they were, welding in shipbuilding would be cur 
necessity. a great extent right now. 
ted above, in the case of the shelter deck, we Che objections that welding produces a rigid st 
ide for easy streamlined avenues for the pas is not conclusive enough. ‘The structure, no matter hov 
sses, so in this case I believe a different shaped it is joined, can be designed to any degree of rigidit 
iould be provided to get away from sharp properly rearranging members, and this is the pr 
rners which are a meeting place for stresses for Naval Archftects or Structural Engineers, wv r‘ 
t believe there will be any objection to have capable of solving it 
mings and making boxes for sea chests in the l believe that we all agree that a 100“, r near] 
uund form, which will give easy passage for welded hull presents practicall lit! rt 
round the opening, and not complicate the Phen let’s deal with it as on 
either from the assembly or welding point of Let us design the connects betwe 
members of the ship so that they will be et 
mergency shipbuilding program which has _ properly and each deliver its share of str 
many years of development of welded ships int: lect proper joints that will be not only stru 
period of 4 yr., gave to the welding fraternity ilso metallurgically balanced, and let us make stn 
rtunity to apply its knowledge and to show its’ tural sections that will adapt themselves t 
produce what they believed to be the best in _ plishment of this goal 
struction. During this period of the emergency shipbuild 
gh publicity has been given recently on various gram we have obtained a great wealth of knowl 
of welded ships, presumably due to locked-up the behavior of welded ships. In the future, wl 
in the structure of the hull, dueto welding. What dustry will return to its normal and we have |! 
rmal stresses, due to welding, play in such fail- chance to apply our additional knowledge to th 
t generally known now, but a number of scien phases of ship design and construction, we will be 
it present studying the problem, and we can be to produce the truly 100%, welded ship. 
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\NPOT WELDING is used primarily because it speeds 












production. That is why ‘gun’ weldershavetheir direct economic advantages for the use K 
a place, and, carrying the sequence one step further, Cables’ reliability and long life actualh ‘ 
t is why low-reactance cables are becoming the ac- costs. 
ted means of carrying the electricity between trans Because costs are so important in the { vil 
rmer and gun. mention here the other economic advantage of this type 
The speeding up of production on the home front by of cable besides increased production rate longet 
reactance cables is similar to the improvement u cable life hat 1s, the reduced size of electri 
shooting that the bazooka has made on the battle front equipment-—transformers, feeders, contactor ! ire 
Che soldier with a standard “‘shootingiron” andthe welder to doa given welding job 
vith a gun fed by ordinary cables, both wish their guns Strangely enough, these mechanical effect 
uldn't kick out of position when fired. Inthe Army, resulting economic benefits, are all by-products of thi 
the bazooka meets this need, and gives the gunner a main idea behind the low-reactance cabk Just 
ier Wallop: in the factory, the Kickless Cable does electric welding is a by-product of Elihu Thomson's ef 
















same—it stops the kick, and gives the welder a_ forts to produce electric light, just as atomic-hydr 
nger, faster punch. That is the main reason for the welding 1s derived from Dr. Hull's study of hvydroget 
ising acceptance of the equipment in both fields of disintegration for altogether theoretical purpos: 
ity. these mechanical and economic \ ilues of the nterle 
4% equal importance in high-speed production, the welding cable grew out of the development of le 
uet operation of low-reactance cable means greatly to improve the electri effectivenes 
creased life. There is a marked contrast to the action equipment 
rdinary cables that tear themselves to pieces by [t is therefore appropriate that we pay more attent 
sion and fatigue Every welding supervisor has_ to the electrical benefits, which are important in then 
his hair-tearing moments when he finds that the selves. Low-reactance cable gives higher we cur 
dles worn from single conductor cables have plugged _ rents with better power factor and lower dema1 n the 
the water lines. This does not happen in low-reactance power supply system. These results are rived fr 
the same basic point that produces all the other improve 
be presented at the Twenty-Fifth Annual Meeting, A.W.S., Clevelar ments: the practical elimination of reactance in Kickl 
ee og Cable If we understand the direct mec! 
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Fig. 1 





electrical results of low reactance, the benefits previously 
outlined become apparent. Therefore, we will consider 
four direct technical questions 


l How does the interleaved construction eliminate 


cable kick? 
2. Why is less 
cable than 
3. Why can the electrical power supply equipment 
be smaller with low-reactance cable 
What is the meaning of power factor to the 
welder user? , 
How does the user benefit from low-reactancs 
cable’s improvement in power factor? 


copper required in low-reactance 


in ordinary ones? 


Cable Construction 


lo answer the first que stion, we must describe the 
cable construction. The interleaved form* (Fig. 1) not 
only has lower reactance but is favored by greater me 
chanical adaptability of terminals, inherent economy of 
manufacture and effectiveness of water cooling of the 
conductors. This interleafed construction has proved 
itself in eight years’ industrial experience. 

The Kickless Cable in its present form consists essen 
tially of six ropes, laid helically around an inert coré 
Three ropes (XJ) are inside a rubber separator, and three 
others (RO) outside. The three outer RO 
terminate in recesses in the base (8) of the two-part 
terminal, whereas the other three (/) enter the terminal 
cap (C hese two parts of the terminal are separated 
by an insulating gasket (G) of special desigy, and each 
part has provision for external electrical connections. 

[he water circuit starts at the inlet (W This is 
normally at the gun end of the cable, so the operator has 
1 cool cable to handle. Also, since the gun is usually be- 
low the transformer, connecting the water inlet at the 
gun end of the cable permits air bubbles to be carried to 
the top and out of the Water fills cap (¢ from 
which a stream is admitted to each rope through open 
ing hese openings 1 


ire so de signed ina 
proportioned that inner and outer wires are held at thi 


are ones 


cable 


sin the gasket 


same temperature. Since the water runs right down 
the wire, the copper is at practi illy the same tempera 
ture as the water This method eliminates hot spots in 
the rope: ind gives long ¢ ible life 






Why No Kick 








Now this of 


is simply 


let us see how elimi 


the electric 


arrangement 


1 
} 


wire 


nates kick, remembering that ku 









Inventor, Pat. No. 2,247,13 





Interleaved Low-Reactance Welding Cable 


THE WELDING 


motor action of currents flowing in opposite 
In ordinary cables, the forces amount to hur 


pounds with the currents and cable lengths 


used. The closer the cables are 
forces pulling them apart (Fig. 2 
disintegration of the tapes with which cabk 
quently tied, and by the needling | 
referred to. (Incidentally, this action is oft 
vated by the pulling and wrenching of bound 

ductors where one is connected to a 


bound, the 


moving ter 








hig! 


This is show1 


of conductor pri 


the gun.) It is common knowledge that after 
time, So many wires break in single-conductor « 
the increase in resistance cuts down the welding « 


requiring constant adjustment 


ol timing or tr 
taps to secure satisfactory welds 
In contrast, Kickless Cable has 


force acting on the ropes here are three r 


this: 
a. Dividing current into three parallel pat 
the forces between all conductors to o1 
[he hexagonal pattern of wires makes the 1 
forces between conductors of op] te « 
signs (that is, RO to RJ), act at ar 
partly oppose each other (Fig. 2 
neutralizes them by the attracting forcs 
ductors of the same sign (RO to RO 
lhe spiraling of ropes makes each 1 
structural member that resists moti 
of its tensile strength 
Che theory is borne out by the fact that thou 
amperes may be passed through Kickless Cable 
which the outer cover has been removed ind the 


stays motionless Ihe kick has 


because of low, balanced forces and the self-si 
Structure 
That is the answer to Question | Befort 
Question 2, we will review a few points cone 
| 
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| 
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racteristics. Although these ideas are known to 30000 ~ 
they are not always taken into account when a 
uipment 1S specihed. S 
L— 25000 ; 
Basis for Choice of Cable Size % 
Noa uy 
ie size of electrical equipment for welders must A ne _ ] 
upon the current required to make a weld, not é 
kilovolt-amperes that have been required by : ] 
tice. As stated forcibly on page 285 of the 1942 be 
Handbook = 0 3 * 
e is one and only one basic index to the welding 5 o 5 
. resistance welding machine in terms of the a a u 
| ability to perform a given welding job. That - 
econdary current. We can definitely state that a - J 
imum secondary current which a welding ma , < 1 
viii deliver at the weld is the true measure of the * 
ibility of the machine in so far as the electrical aL 
teristics are concerned.’ rho 
current depends, of course, upon the voltage that af > : 
ble and upon the electrical resistance RK and re =}- 8 * *¢g 
Y of the circuit to which the voltage is applied. + . 
relation to Question 2, the significance of the Weld a 
ndbook’s statement, therefore, is that with a weld a 
transformer of given voltage the R and X of the weld 
uit must be kept low enough so that the availabl q . | 
produces the required current. 
; leads to the second point: that is, for the purpose a | 
lecting electrical units for portable gun welders, the F i 
dary welding cableis theload. Not the weld, but the = | 
leis the load. All that the weld does is to act as a F 
ommander that tells us how much electrical -s : 
ust be supplied to the cable in order to do the job Fig. 3—Voltage Drop Data { React 
unple, when a weld is being made the metal n 
, the gun and welding transformer may take 2, 
flexible cable may require 10 (see Fig. 3 
; means that our previous statements about kee] 
ind X low, apply primarily to the welding cable 
tis, we must make sure that the available voltag 
ient to send the required current through both re 
nce and reactance of the cable—with some margin 
in, transformer and weld If the reactance is high, 
situation can be helped bv making the resistance low ~/ , ' , 
vhich may be don “i using larg r conductors. gg EER. TED ey 
his is the basis for answering Question 2: Why is k “3 
per required in a Kickless Cable than in an ordinary 
In the low-reactance cable, the voltage require d ts Lower Electrical Power Demar 
ercome reactance is minimized, leaving most of the 
rmer’s voltage free to overcome the resistance feecaitind Yar eee ae 
inary cable, on the contrary, has high reactanes ‘ai Sse a tas rage a7 
must be compensated by keeping the resistance cnc citidietnest’ tie” aunt Tlce <altts Semen 
which calls for larger, heavier cables aaiaes il ni regrs 
Ve can give this general answer more meaning | casks Ain ghee: au Glas waa oy os 
king a specific case: What size ordinary cables will be the fe santate tir thins, 
red to replace a 10-ft. heavy-duty 150 met “yan suinenenaieidted the 
less Cable welding 18-gage mild steel with 10,00! nein r Kick] Cabl | 
We are now considering only the electrical abil Soalien diat ere 
4 the equipment to supply enough current to mak ; 
d weld. This is the limiting factor on jobs 
luty cycles. On high duty cycle work, the 
upply the current over a long time without overhe 
may determine the size of equipment Phat subject 
| be covered at another time ‘ 
[he answer to this problem surprises any one who | ( 
seen the two types of cable in action: for each or On ry 
ible would have to be over 1,500,000 circular mil 
ther words, to do a given welding job with a cert 
sformer and gun, the welder has his choice of hand Che lower di vhen Kickl 
g two 1500-mcem. cables each 1.6 in. outside diamete smaller welding t1 rmer can be 











































































LOW-REACTANCE RESISTANCE WELDING CABLES 








power lines and even the generator, if this type of load is 
i. sufficiently large part of the total. 
his comparison, is the answer to Question 


, 


shows that by selecting gun-welding equipment of the 
proper size to supply a designated current to the weld, 


vit 


ippreciable savings may be made in supply equipment 
is determined by the demand. 
Chat saving in demand is only a p 


t 


al 


t of the story, for 


the load that must be spent on low-reactance cable is not 
only lower in amount—but, as we shall soon see, it is 
more desirable in character because it has higher power 
lacto1 Chis leads to Question 4: 

What 1s the meaning of power factor to the welder 














the user benefit from 


s improvement in 


does 


( able 


low-reactancs 


rt 
powell factor 





Importance of Power Factor 





Let us 


Improved po 


inswer the second half of that question first 


wer factor benefits th user because it 


means 


Less volt ive flicker interference with other equip 


ment and consequent reduction in number of 
porled weld 
Z Le SS expensive feeders 
Lower powel! bills 
Although these affect the p! int engineer more than the 


welder, they are so much a part of the story 
noneleetrical men are interested. 

We will approach Question 4 (a the 
power factor’’—by supposing you are in the Army for 
i few minutes—in a Duck landing on the soggiest beach 
head you ever saw. Stuck? Certainly, but you have a 


cable and winch for just such situations 


that evel 


meaning ol 


All you need 


to do 1s hook onto a tree, throw the winch in gear and 
pull yourself out. You see two trees (Fig. 4), one 
straight ahead, and a somewhat bigger one 45° off to the 
left. Which tree will you choose? 

he tree on the left is strong. It is sufficiently far 


thead so that if you tied up to it, part of the pull your 
winch can exert will draw you forward, where you want 
Since the Duck is in a groove, it cannot move off 
sideways. Still, you know that tree isn’t the right one to 
Although you might get out this way, it means 
extra strain on the winch, pulling the wheels sideways 
against the rut. An even more serious objection is that 
it puts added strain on the cable—perhaps enough to 
break it. You have a flash of technical verbiage: you 
say that the useful power, represented by pull P (Fig. 4 
is only a small fraction of the total power 7 Mhis setup 
would not be very effective because the power factor P/7 
is low 

The better way is to hook on straight ahead, where the 
power factor is high, 


to gO. 


( he ose. 


Direct action, minimum strain on 


MECHANICAI 


—, 7 


Fig. 4-Added Force Due to Pulling Out of Line 





ELECTRICAL 


Difference in Ratio of Useful Voltage P to Tota 





} 


the « 


ible and winch. It gets you out with much 
and feathers, and less chance of overloadit re 
So it is when there is an electrical job to 
though we use a different set of words. In weld 
purpose of the electrical system is to de liver pow 
heat-absorbing element, which is called a resist 
Any work done there useful—tike pulling st: 
thead on the Duck But in most circuits you cat 


o directly it 18 necessary to supply electrical { 


1S 


voltage, to overcome not only the resistance of t! 
but a effect called the re 
cuit, 


“sideways 


ictance ol 


Low Reactance-Good Power Factor 


Reactancs int re 


is important enough to wart 

its causes SO we Can better understand its relation t 
Pin welding circuit The 
when an alternating current flows down a str 
the current in each strand through the n 
field it sets up, to try to stop the current flowins 
other strands. Each of these is iffected in tl 
posite direction by the current in the return condi 
but since the forces are smaller because the current is 
greater distance, we will neglect this 
Later, we will see its importance 

We can say, then, that there 1s a that in 
. voltage opposing all attempts at current flow It 
not absorb power, but it does require that to maint 
i given current, a called th 
active voltage—be applied to the conductors in addit 
his ec 
sponds to the added pull that the Duck must exert 1 
case of the out-of-line tree 

In fact, electrical quantities can be drawn geom 
cally just like Fig. 1. The force or voltage that gets) 
where you want to go (i.e., the five voltage requir 
to overcome the resistance of the circuit) can 
is P in Fig. 5; the reactive voltage that gets you 
where but still must be applied, is combined with P 
produce the total force 7. In this case also, 
tor is P/T. 

That is all there is to the term that mystifies so m 
people when they hear about “electrical power fact: 
It is simply the ratio of useful force to total force. 


fundamental point 
icts, 


1 
aiso 


for the m« 


reaction 


“sideways voltage 


to that used to overcome their resistance. 


v@S1 


shi 


be 


powel 


Figure 5 illustrates the contrast between the hi 
power factor obtained with low-reactance cable and 
low power factor resulting from ordinary cable 


both cases, the resistive voltages ire 


ibout equal if the: 
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Sut there is a radical dit 


the reactances 


umount Ol copper } 


reactive iltages because 


the 


rent. 


Why Interleaving Lowers, Reactance 


juction of reactance in the interleaved cable is 
the principle that the voltage induced 1m a give 
higher when the current is closer to it. There 
roperly distributing the curre nt in various con 
the opposing voltage induced in a ‘“‘going 
other currents in the same direction, can be ma 
duced. More vital, the assisting voltages cre 
he returning curregt, mentioned parenthetically 
1 be greatly increased by placing these currents 
the ‘“‘going’’ strand This makes a remarkabk 
ment over ordinary cables. 
linary cables. the opposing voltage is high becaus« 
ing current concentrated in one wire and 
produces large countervoltages. There but 
ielioration of this effect by the opposing current 
ita relatively creat distance 


1S 


1S 


it is all in one wire 


rast, the countervoltage in interleaved cable is 
erably reduced by dividing the current into paz 

ths so that the average current is farther away 

eiven strand. Further reduction in reactance is 
d by placing conductors carrying “‘helpful’’ cur 
lose to the other wires. 

in Kickless Cable the reactive voltages are first 
ed and then cancelled to a considerable extent 


results in a voltage, or reactance, ot 
ne-tenth that found in ordinary cablk 
f Fig. 5, that the sideways volt 


Kickless Cable Therefore thi 


net Opposing 
means, in terms « 
e is much lower with 
factor is higher 
is already been sho 
for a given current, 
lso be stated that when these demands are 
reater voltage dips in the sup 


wn that higher voltages re 
mean higher demands. It 
at poor 
wer factor, they cause g 
line 
hese are the two facts that make power factor impor 
to the welder. Poor power factor, companion of or- 
cable, means high demands, plus spoiled welds 


S 


a 


flickering lamps due to unnecessarily high voltage 


ips in the supply circuit Finally, the user will be 
enalized, directly or indirectly, by higher power bills. 
On the other hand, the user benefits from the 1m 


ed power factor associated with low-reactance cabk 
iuse his equipment draws less primary current, and 
uses less voltage drop in the feeders and transformers 
many cases it also decreases power bills because the 
generating, transmitting and distributing system can all 
maller and therefore the power company can charge 
s for its services. 
lhat is the answer to Question 4. 


Correct Electric Circuit Essential for Welding 
in view of these electrical considerations, we can ap 
iate how Kickless Cable makes pe ssible some of the 
re difficult gun-welding jobs being done today o1 
vy steels or large pieces, and on those metals that de 
nd quick, heavy impulses for successful welding 
e ¢ xample of a problem solved by these cables is the 
ig channels 10 it 


at 


On 
lding of reinforci 

Che job was first set up with two complete gun 
Ordinary 


t 


long to steel sheet 
6 
lders, one for each side of the channel 
m. cable carried the current from floor-mounted trans- 
ners, to guns over the piece Iwo copper back 
tes extended the length of the portion to be welded 


levy acted as bus bars to which the second side of the 


HI) 


nsformer output coils were connected, 


144 
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Fig. 6—Low Reactance Cable Makes Possible ths 
Reinforcing Bar to Sheet. Ir 1), the Ori 
Current Was Too Low for Weld, Because of the 
{ the Circuit from Transformer Through a Singl« 
to the Backing Bar, Push Gun, Upper Bus Baz 
Through Other Single Cable Back to Transfor: 
the Circuit Is Through the Low-Reactance Cable 
Gun to the Backing Bar and Back Up the Oths 
rent Is Multiplied Several Times Welds Ars 
tinely. Incidentally, Transf ier Bank Is fF 
Che secondary current, therefore el 
loop in which la sizable piece of steel 
sulting high reactance, so much voltag: 
that the remaining voltage from the tra 
insufficient to produce the rward”’ eff 
heat the welding spot Phe in. reinfor 
weld to the No. 12 sheet 
Realizing that reactance was the troublk 
visor installed as much Kickless Cable 
place ordinary cabk This increased the 
where the welds could be made The fin 
ever, really solved the electrical problem: t] 


4 


onnected th 


R 
WITH ONE 
REACTAWCE CABLE 


‘ 


e two backing bus bars toe the 


backer for series welding, brought the current 
from the transformer to the tw 


\ 


( 


welding, brings a difficult job down to the 
in 
vites attention to the point th 
from the viewpoint of electrical power 


guns by 


‘able, and now welds in a routine 
urrents and half the transformers 
Chis illustrates how low-reactan« 


ird practice 


] 


Although this is 


t 


it 


1 


( 


ib] 


rig 


unu 
the mo 


In other word 


nce ¢ 


| 


( 
i 


ii 


iT hy 


I 


trically, to supplement low-react 
actance load—by using a series wel 
throat ol imple fixture bec: 1es 
that current shunting within the n 
idvantage, id that the mecha 
series welds may be undesirabk 

tors are favorable, great improve 
welds, and saving ide in the electri 
of series welding, with low-react 

plies to pedestal type welders « 
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By H. W. 





Introduction 

















HE part which welding has played in war produc 





tion has created considerable interest in welding 
which should result in a greater demand tor struc 
tural welding when conditions permit a resumpt 

















civilian construction 



































If the welding industry is to take full advantage of thi 
lemand it will be necessary to provide a much greater de 
gree of standardization in welded details Che Struc 
tural Engineer has been accustomed to design his riveted 














Structure 





and leave to the Fabricator the de Sign ol the 


i 
| 
| 
k 





details, at least for conventional beam-and-column fram 
ing. While he has usually approved the details, most of 
them were long accepted standards and only an occa 
Such is 


Unless the designer indi 








sional connection required any original design 
not true of welded details 
cates on his drawings the types of details he wants, he 
may get any of a large variety of types, depending on the 
experience and preferences of the Fabricator Chis leads 
the Engineer to believe the process has not yet developed 
sufficiently for the Engineer to utilize it unless he has tl 
time to acquire a working knowledge of the art 

Should he desire to inform himself on structural wel 
details he will find a large amount of information avail 
ible in various books and pamphlets, codes, specifica 
tions and handbooks. However, the wealth of informa 
tion but adds to the confusion of one who hopes to “pick 
it up in a few easy lessons” since each specialist has his 
own pet ideas and what is recommended by one will be 
condemned by another, and there is no authoritative 
source such as the AMERICAN WELDING Society Hand 
hook, The American Institute of Steel Construction Hand 
book or even a steel company shape book, to say that 

this is the most acceptable detail for Such a purpe se, OF 
even to go so far as to say “‘this is the accepted design 
assumption or method” for a specific problem 

Chere are still too many differences of opinion among 
the leading specialists, about minor considerations 
which it would be to the Industry’s advantage to inte 
grate into definite recommendations with authoritative 
backing If this could be carried to the point where 
standard design assumptions, and standard details for 
conventional framing, could be established, it would also 
result in lower engineering, drawing room and fabricat 
ing costs. 
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Che purposes of this paper are 

















1. To show that there is now an adequate basis 1n re 
search, particularly in that conducted over the 
last fifteen years at Lehigh University, to justify 
in agreement on the principles of design for 
beams and their welded connections; 






































* To be presented at the Twenty-Fifth Annual Meeting, A.W 5 Cle lana 


Ohio, Oct. 16 to 19, 1944, 
t Engineer, Bethlehem Steel Co., Bethlehem, P 
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Standard Details for Welded Building 


Construction 


Lawson 


lo otter for the case of greatest first 1 


ae aS t LeT 


the typical case of simply supported 
set of welded details which with their « 
are ready for handbook publication 


professional acceptance 


Some of the High Spots of the Resear: 


Only a very condensed summary of the 1 
luded to can be included in this paper, and tl 
ested in a more detailed study of this subject ar 
to the bibliography at the end of the paper 


\{n investigation of Web Buckling in Steel B: 


Li 
t 


tablished web crippling as a more critical 
buckling in the design of beams 
firming the formula a R/24t id 
the American Institute of Steel Construction S 
tions. While not a welding research, the 


supported on se 


Since 


princi 


volved iT¢ used 1 the desig I Seat hoth fli 
stiffened. See Fig 


An investigation of the Behavior 
Subject to Bending Stresses” de 
ibout welds subjected to shear and moment | 
clusion most pertinent to this discussion 
design formulas will give average stress conditio1 
weld up to the vield point Chere ar 
clusions as to stress distributiot 


that or 


certain othe 
methods for cor 
which are worth review 
invone desiring to become well informed on the 
Further discussion on this subject is 


combined stresses, et 


ilso present 
later report on Stress Distribution in Welds Su 
Bending 

Che welded seat angle was covered in an inve 
of Welded Seat Angle Connections® and a Phot 
Study of Bending in Welded Seat Angle Connect 
his subject will be discussed more fullv later 

Stiffened seats or brackets were covered in a re] 
Structural Welded Brackets® and will al be di 
later. 

lop angles suitable for use with seats o1 
side framing angles are coy 
Welded Angle Connections rhis investigation « 
lished that flexibility in such connections may | 
tained without damage to the welds, even when th 
deformation extended into the plastic ran 


y 
i { 


Dracket 


ered in a report on I 


Miscellaneous Welded Building Connections® wert 


vestigated as a sort of fishing expedition to deter: 
some of the less common details | 


could be developed by further research One of the 


Mh 


tures of this report was the introduction of moment 


tation curves for the various connections, which m 
possible to readily determine the suitability of a det 
iny particular service or type of construction. (Fig 
Che general conclusion of this research would indicat¢ 


mossessed virtues W 


r— 














DesiGgN TABLES 


too low an ultimate strength 


10, 11 
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' 26 onnec on i | 
| Wee Cripping of BEAMS on SEATS pay 5 a poby wormage meets. = 
Flepiv’e , Ronee was found to have better all-aroun 
- > + i eq . 
| xence ike Load tae A.\.S.C. Spec. characteristics becaus« tf the fle 
« Lenath bearin I 
4 prey 3 ad | | of the tee flange under lk I (er 
n seat to produce R i | . 
| . il comn tions we . 
4,000 Crippling stress Qa a e 4 tain re minendatio1 a ré lade 
beam web. 4 improving the detail but it h 
es-% ++" for flexible seats Distance from bottom of Beam vet been considered wort] t further 
° See 5.2.3-9 to edge of filletek or O in Bethlehem Moruol. research 
-w- for stiffened Sects Wote Cs may not be lees than $ Some spandrel connect 
5.2.3-0 . 7 . © . 
See w=4 we5 wes we? w=6" tested, using plates (Fig rimipe 
, r oe t yo —— T a ; a ; a 
ot AMA) OAM Qe! Vw) tl | Ol ew ar] eo) em) od -| Om wo rl wm © plates (Fig. 15), plates and fills 
we HD) OOO i OG Om gs oe Ol en Le) is oi i eg v 1 , : le (I 
y ie + + + , 1) are 1seatand topangt | 
on w On o = MY OS w) o een m wre o; | ; . 1 
STIL PAIS Ash aaa dawda i Md edatieciecicia! | (¢] Figure 18 indicates that the plat 
at -= ' r ] 1, +; 
le 3 ° o . oI types wert ill fairly : 
- " + 4 | | ) though when i crimped plat I 
_—T ‘4 ‘ ¥ + ‘7 . ‘ ] 
a mn i a & OM, LUZ f the straightening of the ct 
\ \ a: hy AYA IY, Aff / top when the beam is loa cause 
Xd 4+! 4 \ + \¥ OSI MEOOD g 
\ \ | \ x /, AA, VHAS A S 1 lateral displacement I 
\ \f i LAL Kor YSSSY 4 4 
s h YA, AM, LA 2 . effect at the end of tl | 
K \ MUM IN At} effect at the end of the b 
\ if SY XN / A AAA Ay Y/ 2 d 7) on j 1 " 
\ \ MLL KIOSSI A HLS nust be taken into ac 
| AKA / (Af, / 
++ X \ AK fpf / 4Zy LS J Ly f < 1q indicates that +1 ‘ 
| 44 by M/A LLY, 44, yh = , : 
x . ALE A JAI PLY, , gad ba .- | 10 17 h S somewhat ‘ 
i 4 LS MAK / AA PIST SA X \ oe =e _—_ . 
++ SxS itaade.seeee My AK f 1 “ ‘ 1 
\ ‘ 1 She tsetse tts, A) \ characteristi thie } 
.s ‘ 4 VAP AAP MM AA fo ry "I " S ' a4 
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on i | es Lt savings in material possibl 
1 +t CSeeum t rigid and semiurigid joints 
t Zs TT ar 4 the conventional assumpt1 
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- - . e etill enn | byt 
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Fig. 1 rigid and rigid construct 


emostsatisfactory connections for primary beam-column 
nnections are those employing a seat, together with 
ne form of top connection. Even seated connections 
ith top plates of such limited dimensions as to greatly 
strict ductile action were found to have better char 
teristics than most of the other types of joints tested 
nnections employing direct welding of beam web t 
lumn (Figs. 2, 3), or employing side plates to eliminate 
illing beams to length (Figs. 3, 4), or using a single side 
‘le shop welded to the beam and field butt welded 
the column (Figs. 5, 6), were all found to provide too 
gh initial rigidity and too low an ultimate strength for 
rimary connections where normal rotation 1s required 
mmparison between Figs. 5 and 6, and 7 and 8, how 
r, would indicate this connection may be suitable for 
ll beams with thin webs, when the load is small 
ugh that the connection need be no more than one 
lt the depth of beam 
Seated connections employing small side plates or sid: 
ngles welded in such a manner as to restrict ductile ac 
n were also found to have too high initial stiffness and 
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Some more work 1s nec 
elop rigidity factors for frame analvysi 
nection values already established and t ntribut 
factors of column flange stiffness, the eff 
ind adjoining connection materi 

No attempt will be made to go into this fi 


state certain incidental facts bearing on the general 

ject of welded details A study of th 

beams with various degrees of end restraint (Fis 
dicates that probably the tnost efficient framing will be 
ichieved when the connection and beam are designed for 
ibout 87'/.“, rigidity, a reasonable assumption indicate: 
by the moment-rotation curves for seat a1 top-plat 
connections’ (Figs. 24, 25 It will be noted tl 

iny falling off in connection rigidity down t 

due to lack of stiffness in the column material or 

cause, would increase the beam center moment the e1 
moment decreased, there would be no increase in tl] 
maximum or beam-design moment Should tl 
nection develop a higher restraint than conte 

the design, it would merely result in reducing the 
moment. The consequent increase in e1 
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Fig. 2—Test W1 


little concern, for the development of yield point stress 
in the connection acts to reduce the end moment, re 
establishing a more balanced stress condition. Of course, 
it is assumed that the joint has been properly designed to 
permit such ductile yielding 
It is then reasonable to assume that a structure de 

signed on the assumption of full continuity will have 
joints whose true rigidity may be in the vicinity of 90%, 
resulting in an actual capacity in excess of that antict- 
pated in the design. It is the utilization of this increase 
in capacity under decreased joint rigidity which intrigues 
the exponents of semirigid structures. However, as pre- 
viously stated, it is not yet definitely determined whether 
the saving in material is sufficient to offset the increased 
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Fig. 3—Moment-Rotation Curves for Tests W1, W3 and WS 
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Fig. 4—Test W5 













Also, this discussion has dealt 
the effect upon the columns must 
considered, and where the columns are light muc! 
beam saving is lost in increased column moment 
The preceding discussion applies to loadings 
mating uniform loading; Fig. 23 indicates that 
centrated loads at the center of the beam, any red 
in connection rigidity below 100% results in inc: 
moment in the beam. The designer must there! 
range his framing to avoid this condition of loadin 
wishes to take advantage of semifixed connections 


cost of design. 
the beams: 















Plastic Action in Details 







At this point it is desirable to examine several 
in the A.I.S.C. Specification for Welded Building 
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Fig. 5—Test W 13 
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Fig. 6—Moment-Rotation Curve for W 


e new concepts in structural design, vital to any 
eration of welded details 
Specification lists three types of constructio1 
rigid frame, assumes connections sufficiently 
hold virtually unchanged the original angles be 
een the various members. Type 2, conventional or 
ple framing, assumes the members connected for shear 
ind the joints free to rotate under load. Type 3 
vn moment capacity intermediate between Types 
onstruction. The Lehigh University Research 
recommend that connections for Type 1 constru: 
uld develop not less than 90°% rigidity, for Type 


irigid, assumes the joints to possess dependable and 


nstruction not over 20% and for Type 3 from 20 to 


rigidity (Fig. 26 
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Fig. 7—Test W16 
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Che Specification also provides n tier builds 
signed in general as Type 2 construction, 1n that the b 
to column connections other than wind connectio1 
flexible, the distribution of wind moments, as betwer 
the several joints of the frame, may be made | 

nized empirical method provided that either 

Che wind connections, designed to re 


sumed wind moments, are adequate t 


moments induced by gravity loading and t 
wind loading, at the increased wu! 
permitted therefor, or, 

Che wind connections designed to resist 11m 
wind moments, are so designed that large 
ments induced by the gravity loading under t 
ictual conditions of restraint will be reli 


by deformation of the connection wit 


stress in the welds 
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Fig. 8—Moment-Rotation Curve for W16 
Also “Types 2 and 3 construction may necessitat 
nonelastic but self-limiting deformation of a structur 
steel part, but under forces which do not erstress the 
we Id 
The idea of designing a joint to yield u r certau 
combinations of forces is disturbing to some engineers 
though this has been a common if little publicized virtus 
of many common riveted details. The common toy 
ingles and framing angles of riveted construction ar 
subjected to as severe deformations as similar weld 
tails The difference is only that experience has taught 
that rivets are strong enough in tension to resist the 
bending forces involved while it has been thought 


similar action in a welded detail would creat 
stress at the root of the fillet weld 

However, such is not the case, since the con: ti 
ire not free to rotate without limit Che deformat 
the angle leg, when flexible angles are used, pert 
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ficient rotation in the joint to justify the simple-span is assumed that the beam reaction produces 
assumption, without excessive stress in the welds, as the weld which is equal to Re/2. The shear in t 
demonstrated in the investigation of Flexible Welded is R/2L. Itis assumed that the neutral axis i 
Angle Connections.’ While the authors recommended _ the distance from the top of the weld, and that tl 
certain limitations in the application of these connections, bution of stress is triangular Che tensile an 
based on an assumed “‘yield point,’’ it must be remem sive forces are then 2/3 apart and equal 
bered that this report was issued prior to the adoption of 
the above clauses by the American Institute of Steel 
Construction, at a time when Engineers generally were ris 
not conditioned to accept plastic yielding in a strength 30%| - 334 \ ve 
connection. It should also be noted that these ‘‘yield Z 
points’ are not definite breaks in a stress-strain curve, 32C A 
but are artificial points on a smooth curve determined by W7 
the somewhat conventional device of drawing a tangent X= Weld Tear 
to the curve at the end of the straight portion to intersect ota 
1 horizontal through the maximum load, and from this ae 4 
intersection dropping a vertical to the curve (Fig. 27 j 
Tests of flexible connections showed three to four times ia a a 
simple-span rotation of beam ends before any inelast« aad [| 
vielding was apparent; in fact, framing connections nA I r 0 
could not be loaded to failure, but at six to seven times 7 , ’ 
design rotation the lower flanges began to bear, a condi U 20 t r 
tion which tends to increase the strength of the joint = | A d 
In the straight tension tests the angles with 3!/o-in. legs - 
failed at 1.6 in. while the 4-in. legs failed at 1.98 in. as t- 160 oe, 1 
compared to the suggested limits of 0.08 and 0.1 in., re Z i W8 143) 2 p;|Ma b 
spectively, a ratio of 20 to 1. It must also be remem 5 I ee | w 
bered that in an actual structure the deformation of thes: ey ya 2 
ingles is a function of the beam deflection, which is self ee 2 "4 
limiting in the sense that rotation is limited to the end |, 
slope corresponding to free-ended deflection. Figures 28 a ; 
and 29 show the degree of flexing in the straight pull tests 80 
Figs. 30 and 31 show the full-size beam tests and Fig. 32 
gives the test data for the beam connections i 








Design Procédure for Framing Angles on Beam Webs 





Figure 33 1s a design chart for framed connections 0.004 1008 







Che proposed standard formula for the design of the field : ROTATION Ret Beanad C NA wy 
welds is shown on this figure, as well as a diagram indicat 
ing the issumptions upon which the design is based. It Fig. 11—Moment-Rotation Curves for Tests W7 and W 
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Fig. 13—Moment-Rotation Curve, Test W12 
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he shop welds against the web of the beam are de where d 1s the distance from the center of g1 
signed on the assumption that the vertical reaction acts weld to the extreme fiber Che resultant may 
in the plane of the outstanding legs to produce a moment 1.6 kips per square inch. Priest offers 
in the welds Re’ /2 Che sheer stress in each weld is based on a 3-in leg, and a general equation for 





bined stress in such a weld 1s given by Fish” 










R 1938 A.W.S. Handbook. Curves for the solutiot 
er a a mn this formula are given in Fig. 34 
= It will be found that for angle length Sil 
the field weld determines the capacity when t 
for 2'/»-1n. angle leg, and the stress due to moment weld is made !/1. in. smaller than the field wel 


longer angles the shop weld must be increase¢ 






Ro! 
- Re’ . Polar I same size as the field weld, or the capacity mu 
yy : ‘ — 

2 d termined from Fig. 34 instead of Fig. 3 
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Where a somewhat stifl 
nection is required 1 
greater nominal stiffness 11 
ture top plate may be 
ut necessarily passing 
senurigid construction. 
| such plates 1s describe: 
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im by fillet welds across the end 

returns one-half to one 

the plate width, which should 

e 1 to 1'/, in. narrower than the 

flange See Fig. 36. In this 

se the plate is made full width 

hroughout, and the length between 

lds should again be made 10 to 
greater than the plate width. 

since the plate is in this case of 
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is in the previous case. The 
unens of the report were de 


| for a moment equaling 75% 


he capacity of the beam, but 
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ther moment between 100°%, 


iy, 50%. 

back-up plate indicated in 
37 should be used for all top 
connections 


is the most prac 








y. 26—Moment and Rotation Design Requirements for a Beam 


each side one-half to one times the plate width, 
) develop a value equivalent to the butt weld. 
welded length of the narrow portion of plate should 
made say 10 to 20° greater than the width, to assure 
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The design of top plates for use in semirigid construc 
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Fig. 29 infinitely thin it would 
support only at the extr 
the top of the weld and the neutral axis 1s above the mid of the beam, and the unit crippling stress would 
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the strength, the length required being only slightly weak seat results. As the load is applied, 
greater than that required for shear. The failure of a condition of plastic yielding in the seat is appr 
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7 @ ANGLE | Tor ano Seat Ancte 
ConnecTiONS | ConNECTIONS 
—_" a a 2 Test No 
fren etree | Sarte~g 22 } 4ndogr6 | 4*V 5G | 494456 Top ANGLE ] 
wes A wes AJ | Wesad Lanerentes sear, @4-h-8 | 7+4=5+8 Star Anece 
Iwes 2w65 I2W65 | I2WeS | Wes | i2wes | Cotumn 
ywes9  I8WS5 | IGW36 | 2iW59 | 18WSS | iGw36 | Beam 
— ALL |MOMENTS | IN INCH |PouNDS MomenT AT 
452 28,000 9.900 | 61,600 56,600 46,200 First 
< REPETITION 
13 | KUC TROYATIONS ty WAS ANS — 
000465 | 0.00500 | 0.004395 | 0.00430 | 000575 | 000420 | East Beam! 2 
+ + , + i. 
r 4 
‘ 0046 }00525 | 000325 | 0.00485 | 0.00450 0.00505 | West Beam 2 
- L > + + 4 i J 
400-16 350-1400 | 150-600 | 700-2800 | 700-2800! 700-2800 | Loan RaANoe 
} } 4 4 ‘ 
5C 50 50 50 50 50 No. Crcties 
900010 | 200010 | 0.00025 | 000040 | 0.00035 | 0.00035 | East BEAM! 9 
+ + an > “- 
900005 | 0,000I5 | 0.00015 | 0.00035 | 000085 | 000015 | West Beam! § 
“ i> MomeENT AT 
ry.) 54,000 11,550 68 200 62,000 | 49,500 SeconpD 
? | } | i | REPETITION 
90600 | 0,00670 | 0,00665 | 0,00590 | 0.00660 | 0,00600 | Fast Beam | & 
+ 900600 | 0,00695 | 0.00395 | 0.00675 0,00550 | 0.00740 | West Beam 8 
- 475-1900 | 425-1700 | 175-700 | 775-3100 | 775-3100 | 750-3000 | Loap RAncE 
50 50 50 | 50 50 50 No. Crc_es 
, 5 0.00075 | 0.00020 | 0.00025 000060 | 0.00005 | East Beam! 2 
s | i a 4 , 4 | x 
. 9.00025 | 0,00020 oO 0,00030 | 0,00045 | 0,00015 | West Beam! § 
e fr MomENT AT 
48 400 36,000 13,200 72,700 66,000 | 59400 THiro 
} } } 4 4 REPETITION _ 
ce) 
00775 | 000745 | 0.00800 | 0.00695 | 0.00810 | 0.00705 | East Beam! 3 
+ + + + + —_ & 
= 4 
07180 | 0,00785 | 0,00445 | 0.00780 | 0,00660 | 0,00845 |WesrBeam| & 
+ + + + + A 4 
50-2200 | 450-IBOO | 200-800 | 8275-3300 | 825-3300 | 900-3600 | LOAD Rance 
+ + ’ + + 
50 50 50 50 50 50 No. Cye.es 
90075 | 0.00020 0 0.00020 0.00065 | 000040 | East Beam] o 
200010 | 0.00005 | 0,00030 | 0,00040 | 0,00005 | West Beam & 
L AE ne A Fa re BD Beene Beno Cant, —_ 
9.400 5€,000 46,200 | 136400 92,000 89.100 | Moment |Slz > 
+ + + = 7 D © 
0019 0.01760 | 002460 | 0.02675 | 0.01905 | 0.02340 | RoTATION > S< 
, 4 4 ; +e3 : 
70400 | 56,000 | 46,200 | 145,200 92,000 | 82,500 | Moment |m\* r 
‘ 4 + + = ~ 
810 | 0.01820 | 0.02115 | 0.03825 | 0.01635 | 0.02180 | ROTATION FE 3 
1 4 } 4 \*)_ A 
90610 0.00652 | 0.0060: 0.00610 0.00652 000600 |Desicw ROTATION 
338 0.03035 | 0.03570 0.03165 0.04725 | 004360 |East Beam i? = 
003470 | 0.03060 | 0.03795 | 0.03825 | 003555 | 004380 [West Beam |* * 
| | 4 } } i 
88,000 | 66000 | 56/00 | 145.200 | 128,000 | 103.900 | Maximum Moment 
Fig. 32 
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Fig. 37—-Butt Weld Detail 
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Fig. 39—Relation Between Thickness of Angles and Strenat! 
Design of Stiffened Seats r) 3 
=) 
qi a 
oe + alias Fle 
Che design of the stiffened seat 1s indicated on Fig. 40. f R M 
[he method is in agreement with that proposed by : ats Z 
Priest’? '* in the assumption of stress distribution, loca U) 
tion of neutral axis, etc., but the lever arm used in de If this total stress be limited to 20,000 psi. and t n 
signing the welds is determined from Fig. 1 instead of by arm 1s arbitrarily assumed as 0.8 the seat projecti u! | 
issuming a constant arm as suggested by Priest [he stiffener will be much too stiff. Since the load is Q 
report on Structural Brackets® confirms the design to the seat through the web of the beam and i 






method for the weld stress, but the method of loading the —_ mitted to the support through the stiffener web, 
specimens does not permit of any conclusions as to the be obvious that if the length of bearing has bee: 
lever arm to be used. Jensen® recommended that the _ so that the load is properly distributed, the thick: 
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beam web. Too wide a bearing or too rigid a stil 
ener tends to concentrate the load over the outer edge of 
he seat, resulting in a greater moment in the stiffener 
nd higher stress intensity in the beam web at this point 
also recommends that the horizontal weld be 
ed on top of the seat rather than under the seat as 
uggested by Priest.'’: '* While there are several ad 
ntages in placing the weld on top it is more practical 
rom a fabricating and erecting viewpoint to avoid any 
veld on top of the seat 
While the 20° ratio of horizontal to vertical weld sug 
gested by Priest results in a well-proportioned detail, the 
ise of other ratios up to say 50°) is desirable at times 
| the same design method is applicable. The use of 
ratio simplifies the preparation of a design chart and 
desirable in setting up standards, but special cases can 
ly be designed if charts for 20, 30, 40 and 50% are 
prepared. By imterpolation the values of continuous 
welds on standard structural tees may readily be deter 
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Recommended Design Methods 


Siyt 


unmarizing the matters presented thus far, design 
umptions and procedures have been proposed for 
ing angles, flexible and stiffened seats, top angles 
lates for flexible, semirigid, and rigid construction. 
the author’s contention that the design methods of 
paper and those of Fish, Priest, Johnston and others 
in fair enough agreement with each other and with 
Lehigh Research Reports to justify the official adop 
f recommended design methods for all of these items, 
the AMERICAN WELDING Society and the American 
litute of Steel Construction. 
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Frexiate Sears STIFFENED SEATS FRAMING ANGLES 
Marx] WecolMarx| Size Marx] Lenqty |Marx|/WeLto}/ Marx] Seat Marx] Mareriar Marw |AnNace Size |Marx JAneie 
100 | 6 | io | Stediey] | 4 | i TX tal 4] 5 Har Ow2 | R | dhu2rnd 2h 
200 4 120 | 4 «32e2] 2 G2 2 4 a 5 6 I2 W 32 S 5 »32%%& 3 
300} ‘se 130 | Sx«3an$] 3 9 1a) < G¢] 7 14 W 43 T 7344 “ 
400] *s 140 | Gn4e 4] 4 i 4} %1] 0 7} 8 ic W 58 UD | 4x 3«% 5 
500} % |50 | Gx4s3] 5 13 Si%*%l€E &8| 9 18 W77 G C 
GOO} 1 160 17,4:4] ¢ 15 Ci ui] F 9} jo LI Wiz WELDS 7 
700 Sp 70 7a4s%] 7 17 7 5, G 10 12 24 W 150 [iMaex! SHop | Fiero 8 R 
800) % 180 | 8.4.1] 8 20 Bi % tH] 12] 13 27W ic3}} R +6 * 9 
900} *® | 90 | &8.«Gxis} 9 24 Lune. i5 | 15 30W 1901] 5S 4 % 10 
92,00) | Sa] iGr 33 W2201| T Ss 35 T 
900] 18 9b] ib ig 36 W260]]_U % [Rivers ETC 
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Given |14W34 on IG SPAN- UNIFORM LOAD- ALLOWABLE LOAD TABLE INDICATES CONNECTIONS ARi 
FOR STIFFENED SEAT, AND RB® FOR FRAMED CONNECTION 
AND LOAD 40 kiPS WERE KNOWN, TABLE GIVES BEAMSIZE AND CONNECTIONS. 
IF BEAM SIZE AND REACTION OF ZO KIPSARE KNOWN 20.2: 40, EQUIVALENTLOAD, SAME CONNECTIONS APPLY 





Figure 42 is offered as part ol such a standard. It 
shows the dimensions of a full range of framing angles, of 
flexible seats and of stiffened seats. It gives the key toa 
symbol system to be used in calling for these details on 
shop drawings and illustrates how the details should be 
located and their marks given, on such drawings. It 
illustrates the method of choosing standard connections 
from the companion sheet, Fig. 43. 

Figure 43 illustrates a typical one of a series of hand 
book pages in which for every rolled beam, there would 
be tabulated by symbol the standard connections re- 
juired to develop its capacity on any given span. 

Neither figure shows the standard top angle. This 
would be, for all seated beams, 4 x 4 x '/, x O ft. 6 in. 
symbol C6) for all beams with flanges wider than 4 in., 
ind 4 x 4 x 1/4 x O ft. 4 in. (symbol C4) for all other 
beams. Welds for both standard top angles would be 
continuous !/,-in. fillets on their two toes, without re- 
turns 

Structural Engineers will recognize from these pro- 
posed standards that a high degree of standardization is 
possible; that while the same connection cannot apply 
over a wide range of beams of the same depth, it can 
ipply over limited ranges in various depths. While not 
is readily memorized as riveted details, the existence of 
safe load tables such as indicated in Fig. 43 makes the se- 
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lection of these standard details a very simple m 
It is not proposed as yet to similarly standardi 


details for rigid or semirigid framirg 


only, aS dal 


dicated, the methods of design for such details. 
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An up-to-date book of 150 pages copiously illustrated with charts and photos giving 
practical design information and procedures for the design of welded steel structures 


AMERICAN WELDING SOCIETY, 33 West 39th Street, New York 18, N. Y. 


Practical Design of Welded Steel Structures 


by Hl. M. Priest 


Price $1.00. Bound in cloth covers. 
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Fundamentals of Heavy Cutting 





By G. L. Walker! and H. G. Hughey’ 










Part I—Records and Data Some of the records examined are listed in Tabk 


lables 1 and 2 are results obtained from 

ducted a1 ber of years ago w hand tor 
Introduction lucte lum re! of years ag ith ind t 
chine conveyed, and are restricted to 12-in 
The pressures listed are those at the regulator wit 
25 fit. of '/4-in. hose being used. The standard 


called for commercially acceptable products 
mitted variation, thus making close comparis 


HE cutting of heavy sections of steel by the oxy 

gen process, though not a new accomplishment, 

has been subjected to many uncertainties which 
have hampered its fullest application. Yet, in spite of tical. The information so listed represents co! 
these uncertainties, wartime needs have provided the recommendations of the time. Table 3 is a r 
stimulus for attempting applications which ordinarily typical practices for various thicknesses, arranges 
would have been avoided, and have permitted the de-  Jogically. It will be noted that certain details 
velopment of knowledge which has assisted in placing mation are lacking, again making close cor 
the process on a substantial basis 


difficult. 
In the past, procedures have too often been established A further record is to be found in the collecti 










about individual experiences based upon specific appli by the Welding Research Committee of the Eng 
cations which, in turn, have suggested that certain limi Foundation, and published in Vol. V, No. 5, M 
tations existed. To retain its place and to enable ex Welding Research Subblement 

- — ef 


pansion into new fields, heavy cutting must become bet 
ter appreciated fundamentally by those responsible for 
its successful execution. 

The mere listing of accumulated data, while of interest, 
has not in itself proved sufficient to explain the effect of 
the many factors involved. Of more importance is the 
establishment of methods of analysis which disclose re 
lationships and trends that can be translated into usable 
information. With this in mind, a study of the problem 
of cutting heavy sections was undertaken. A rather 
broad field was explored in a generalized manner, antici 
pating that an extensive analysis would disclose thos« 
factors which later could be studied in detail most profit 
ably. It was not intended that this information 
would be just another theoretical dissertation, but rather 





General Considerations 







In the establishment of bases for study and 
collection of data, certain factors were of obvious 
tance. These included the pressures, flows, 
speeds, details of cut, details of apparatus and 
material. Other factors became evident d 
study, one of which can be termed as controll 
qualitative measure rather than quantitative 

To establish some suitable standard for the 
son of the cuts, the measurement of the uncut cor 
usec, employing the product of the height and t 
dimensions as a value. Drag lines could not 


















would be a means for bringing out information of impor- lowed with certainty in all case Much attenti 
tance in the design of equipment and in the conditions of 
use. 

The term “‘heavy”’ is somewhat abstract and is gov Table | 
erned by individual circumstance, but for the purposs EXAMPLE P ee ee 
of this study, material of 12 in. and greater thickness was 
so classed. The groundwork was formed about 12-in TORCH TTING ORIFICE eae oe a 
material for practical reasons, but activity extended be- AMETER —- INS. PRESS PSE"FLOW-CEH N/Min 
yond this thickness ney ; ce oy" 







Available Records ’ ota 








‘ 200 3 8 BC 44 
€ 1065 120 685 3.6 
Records of activity were examined, but much of the - 096 NO CUT 
information lacked references to the standards used or . 1200 20 O18 3.1 
lacked details which seemed necessary for the interpreta ® 089 *8 wat 2.8 
tion undertaken. The outstanding characteristics ° : "ve en rapa “es 
seemed to be the lack of agreement of conditions of opera , . z . : ae aes . 
tion used to obtain similar results, and the lack of repeti 3 137 130 235 28 
tive and comparable results from apparently similar \4 1285 100 822 45 
conditions of operation. Extrapolation of data for 1S O96 100 626 igs 
thinner sections provided helpful information, but had : i wie ee ri 
. . . ! 065 160 1160 35 
to be used with discretion. 


%— TOTAL FLOW—INCLUDES 






PREHEATING OXYGEN 
* To be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland 
Ohio, Oct.16 to 19, 1944 
t Research Engineers, Apparatus Research and Development Dept., Air % #— ACETYLENE ONLY 
Reduction Sales Co 
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-Examples of 12-In. Cutting—Hand Torches— Table 3—Examples of Cutting Various Thicknesses—Ma 
Machine Conveyed—Hydrogen 


TTING ORIFICE KYGEN N DATE THICKNESS MATERIA 
AMETER-——IN PRESS-f “FLOW-CFH u/Min iba 
285 70 315 34 9 - 
O65 165 100 4 919 18 
> ¢ 13 24 47 924 3 ; 49 
065 83 36 8 
9935 140 BOO 29 3 é C a 
09 6: 65 990 35 3 ‘ é 
0935 40 584 2 4 
1160 5 70 35 
g 440 20 80 37 A 8 
10 20 800 3 94 8 é 5 
57 35 4 A 
265 0° 844 43 A F 
082 05 755 37 
4 1285 75 624 4.i 4 
065 80 1080 3 
#-TOTAL FLOW-INCLUDES PREHEAT OXYGEN ” ac a 
PREHEAT FLOWS NOT OBTAINED 
the measurement and requirements of flow of torches is shown in Plate I\ Along the f 
itting oxygen on the assumption that this wasama- tion, the tip size alone controls the flow and pressure r 
itrolling factor lationship. At the point of curvature, the torch becomes 
lipment was restricted to commercially available 1 restrictive factor, increasing in effect until it trols 
r to those items which could become commer the conditions entirely as shown by the verti 
uilable, reserving the use of specially designed lhus, for any specific torch, the limit of pract lt Size 
nt for the more detailed investigations antici purely from the oxygen flow standpoint can be dete1 
ined For ¢ mple r torches y. ( 
entry pressure of 100 psi., the maximum flow r al f 
the torches alone is in the neighborhood of h., as 
Calibration of Equipment hown bv the vertical lines 1. 2 and 2. whereas for torch 
7, the limit 1s about 30,000 cth., hown | l 
quipment was calibrated for pressure and flow line 7. The practical significances 
tions, the pressure measurement being taken at the _ tion lies in the ability to compare and to select 
to the torch to avoid the effect of pressure drops with a known flow range and of adequat 
h the hoses, controls and other devices. Not 
this calibration embody the tips, but it also in 
the torches without tips, thereby establishing a Tests and Data 
picture of the range of flow which was possible 
h torch. These pressure and flow relations were Many experimental test runs were mas 
edin a manner shown in PlatesI, II and III which conditions irranged as to develop a defi 
three of the principal torches under study. Utili relationships. The listing of the individu 
f logarithmic relations proved particularly suit extensive to be included in this article in its e1 
r covering the wide range of values involved The the principal relations for in. material ar 
ms shown in Plate I are those 
rch which has long been 1n ~ 53005 Tt 
use and is of the 3-hose m 
An orifice size of 0.180 1n. as vr o. : \ 
neter is the limit due to dimen > a a bo’ 
il restrictions in tip design. > o\ 
+ - , , . > = 
torch covered by Plate II is & 
what larger than that covered ~ 
Plate I, is of the 3-hos« type, and us /00+ ZA 
r a limit a tip orifice of 0.332 SA 
liameter. [The torch covered : 1 
Plate II is of recent design and ¢ pal 
the 3-hose type, and is spe = 
lly arranged for large capacity. S | 
ritice limit 1s about '/» in -40+ 
m the flow data obtained, it < 
vident that a zone could be — 30 
blished wherein the torch be- 
restrictive factor to flow aa 
er than the tips This was ob . 
for each torch from a con- 15 Z 
ressure plot of the flows and OXYGEN FLOW CEH. a 7 ef ATM 
sizes, extending to the flow 100 150 200 300 400 500 800 1000 0 2D 
torch itself. A composite = 3 eon cecal a ; 
of this relationship for 7 Plate I—Flow Relations Torch N 3-Hose T Conve f 
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Plate Il Flow-Relations Torch No. 6 


New Type 3-Hose Torch of Intermediat: 





























Plates V and V1 Chese relations covet the various tips, but did not seem pe 
the flow, pressure, speed and uncut cornet product for the imn ediate urpose Since the pret 
Plate V covers the relations for three sizes of tips of f data related t in. material mpa4i 
type in common ust Plate VI 
covers the relations for three addi 
tional tips with larger orifices that BeBe. te oe ee ee a 
those shown in Plate V and with ’ . x 
i. slightly different prehe it disposi . 
tion | | | | 3 se 

Data tor greater thicknesses wer 5O—% PTT tiene tg ie + 
obtained after considerable study of > / r of 
12-in. operations and were limited +++ ft had th 
to a narrower range of conditi 4 wd ia A, a ae AZT VIZ Ae ae OT es 
which appeared to offer the most I, {+4 4, _} 4} TS ae ae ae 
promise Thus, the establishment 60s Att y 
of graphs was not feasible and the i Oh PG RS Ge ee Ge ka thi ft- | +“ 
results are listed in Tables 4 to 6 4d—4 } VY 2b i ae & 
Table 4 covers 15-in. material, cut - Si a ae. 
under several conditions lable | } a 
covers 24-1in. material cut undet1 “| § Try | 
several conditions and discloses drop : 
cuts in two instances The first a w “Ay ther i "i he ‘ 
condition listed is one which ha i eee _ 
often been used in practice befor Plate III Flow-Relat &Torch N New Type 3-Hose T 
present high-capacity equipment 
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Table 5 


69 900 4 
335 150 33 29 6 
221 250 








22 | 
22)! 
250 
250 
2290 
290 
332 
332 
42! 
421 





1350 
2400 
1300 
1530 
650 
1950 
1'6so0 
1950 
2900 
2900 
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ALL SURFACES SMOOTH AND STRAIGHT 


PREHEAT FUEL — ACETYLENE 
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untained 
TEST RESULTS—30 IN. MATERIAL the left 
{ Cit 


DIA. FLOW PRESS. SPEED CORNER PREHEAT most past cond 

CEH Psi. IN/MIN BXH ized by low 

3200 35 2.0 ry 300 CEH it conditio1 

2600 38 2.3 A 390CFH iff I rner conditions ti 

iriations have serious 

TEST RESULTS 341!N.MATERIAL ire blocked off the recommend 

6000 40 2.8 27 PROPANE [landbook he effect o1 
3740 52 7 112 ACETYLENE from operating conditions which 
3740 52 7 70 *PHT ACET gree provi ol to the 
5300 680 6 16 ACETYLENE ported, | larly whet, th 
5100 3¢ 24 PROPANE naintained 
3800 30 36 ACETYLENE 
3800 30 24 % PHT ACET. 


PREHEAT !NCREASED OVER EACH PREVIOUS RUN 


TEST RESULTS 36 1N. MATERIAL 
4000 30 3.0 27 ACETYLENE 
3600 27 2.8 60 ACETYLENE 
4500 36 3.0 55 ACETYLENE 
4500 36 3 ) ACETYLENE 


SURFACES SMOOTH AND STRAIGHT. 


this field and applied to 
hicknesses late1 It was 
t all tips produced 
simular results for the 
neral order of flows, hence: 
that a comparison should 
the ba 


speeds ind 


erging the tip 


composite relationship 


( graph Plates \ 


mnposite interrela 


shown 11 
ludes certain 
tations and 

reneral 
in Plat 
locates the 
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until drop cuts a 
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other direction 
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Orifice Diam.—-0.1495 In. 4-Preheat Tip Orifice Diam 


Acetylene -etyiene i atylene 


Plate V—-Interrelation of Factors for 12-In. Material S.A.E. 1025 Preheat-Fuel Acetylene 
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0.221 In. 4-Preheat 
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Plate VI 






























marked deterioration in the surface 
quality and control of operations 
Since a basic consideration is 
that of the oxygen flow used, some 
indication of tip size is evident 
Small tips at high pressures or1 
large tips at low pressures can be 
examined in the light of the flow 
determinations. For example, 
tip with a No. 32 drill (0.116 in 
it 150 psi., or one with a No 
drill at 50 psi., or on 
t 0.260 im. at 20 psi. will pass 
1400 cfh. thus indicating the orde1 
of large and small as the term 
ipply to this particular value. The 
general conception that 
small size are most economical 1 
not substantiated in 
definitized. In 
which will not 
within the 
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low pressures, say below 15 ps1., 
mination of the efficiency 
\ eloped 
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tion per lineal inch of travel is listed 








unit consumption exists, increasing 
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1025 Steel 




























































pressure 
iny tip which will pass the same amount 


that for the very low speeds and flows, 


Uncut Corner Product, | 


Tip Orifice Diam 


SPEED IXYGEN PER | 
FH N/MIN CEH 
500 1.6 
600 1.8 
700 2.1 5.5 
60 2.3 5.8 
900 2.6 5.8 
000 2.9 5.7 
°° 3.3 5.6 
200 3.8 5.3 
300 44 4.9 
1400 5.0 4.7 
1500 5.0 5.0 
600 4.6 5.6 
700 4.3 6.6 
1800 3.6 8.3 


of operation can 
For a constant uncut corner condition 
that having a product of 1, th 


Table 7—Cutting Oxygen Requirement for 12-In. S.A.E 


per minute, then decreasing until 


speed of about 4 to 5 in. per minute is reached. For a1 
increase in speed of 100%, that is, from 2'/» to 5 in. per 
minute, the oxygen demand increases only 70° Simi 
larly, as between speeds of 4 and 5 in per minute 
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umount of oxyge1 tensively used in the past, the least effici 
is too small and msumption has existed 
it extremely Increase of oxygen consumption beyond 
is too large \ deter ilts in a maximum speed results in a lows 
ilso be de ible speeds and a marked decrease in efficte 
, lor ex ilso be realized that at the higher peeds 
oxygen consump the greater efficiencies, the conditions are 1 
in Table 7 Note from the production standpoint 
a relatively low In continuing the study of conditions 
to a maximum at which represent customary practice, it is 


rit 
whic! 


Fuel Acetylene 


‘ 


} . 
D¢< 


e) 


ily can the most desirable operating ec 
unding of the 


) 
Ll 





ay 


Oth 


Industry has been accustomed to spe iking ¢ 


is those indicated at the regulator with little « 
to what 
has perhaps been the cause f« 
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stream density remains virtually 


sure 
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beyond this point Such 
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it the entry to the cuttings 
stream characteristic, wher 
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the critical, that 7.8 p 
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elocity is in the neighborhood of that of sound 
is value, with added pressure, the velocity in 
ly a limited amount, the principal effect of the 
ing to increase the density of the gas within 
m. Thus above the critical pressure, the 
ues at approximately the acoustical velocity, 

definite internal pressure, it expands immedi 

leaving the orifice since this internal pres 
The d 
and does 








nger is confined by solid walls. egree ol 
depends upon the internal pressure, 


resultant conditions of cut 






<pansion is small, turbulent conditions are not 
and a maximum control of operations is dis 

On the'other hand, if extreme expansion takes 

ficult control is evident and the results may be 

Some expansion appears desirable to insure a 
stream velocity 








ratio as the relation be 
diameters of the expanded stream and that of 
confined within the walls of the orifice, and 
traveling at the same velocity and unaffected by 
ure, this ratio can be reduced to a simple value 
).036P, wherein P is the absolute tip entry pres 
[his applies to simple orifices wherein no specific 
; been applied to the entry or exit portion for the 
e of influencing the conditions of expansion. On 
lable 8 has been prepared. This also assumes 
ciable temperature change due to either stream 
m or heating from the preheat flames. 
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ist be borne in mind that the expansions listed in 

8 are primarily for comparative purposes, since 1n 

practice, temperatures and mechanical detail will 
value in an indeterminate manner. 










of the many cuts made, it was 


From the observations 
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Pressures outside of this range could be used, but 
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Table 8—Expansion Ratios 


GAUGE GAUGE 
PRESSURE-PSi Exp PRESSURE-PS Exe 
TIP ENTRY RATIO TIP ENTRY RATIC 
! 3, 1.0 45 47 
1s 1.03 5 i523 
20 1.1 2 55 ) « 
25 1.20 60 1.64 
30 ' 70 1.75 
35 1.34 BO 1.8 
4c 4 5 19« 
Preheat 
[t perhaps has been noted that as yet 
preheat has been mad his phase con 
in itself, and if injected into the preceding 
confuse rather than clarify In many 


GAUGI 


tions, it appears that the preheat has been 
to a point wherein it 1s « 


pr rtance, 


In 


fact, 


st 


1; 


itemen 


smussed as of relat 


’ 


tive to cutting without prehe 


necessary once the 


1 


ut 


ments have grown from 


of the chemical combination of oxygen 
from observations made with thin clean st 
fully controlled conditions, It 1s possible 
preheat once a cut 1s started and toh 

continue but the action which results cert 
classed as cutting 1n the acces pted sense, Sil 
f performance is far different than exist 
heat operating Particularly with the he 
the necessity for substantial preheat w 
with the proper relation cuts wer dk 

otherwise p ib] 

Measurement of preheat flows used t 
cuts disclosed that for acetvlene, flows of f 
ft the cutting ( were most sat 
flows required on this basis have been 1n « 
city of much equipment and th uggest 
for unsatisfactory result 


( 








K¢ 


















yws with respect to the result 


the relation of the fl 
‘f materials, it was evi 


for various thicknesses « 












* 





vineering Four 
Val V \ F 7 


NO. 93, Pare 
wherein he estima 





ted a 





in. material 









relations proved ( 
hit and miss’’ conditions and should be 
to the field. 





of simul 






‘ 


it some demand constant could be deve loped i 
the thickness of material For 12-in. material 
between 1000 and 1500 cfh. appeared to be most 
In terms of thickness, this resolves to value 
SO to 125 cth. per inch of thickness. For the es 
ent of an intermediate value suited to initial 
nditions and to convenient estimate, it is p1 
t a value of 100 times the thickness in inche 
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Plate VII 

















of catalyst which controls the chemical process. Too 
little or too much is undesirable, but a specific amount es 
tablishes a balance of conditions which are conducive to 
the best performance 





























Other Considerations 














Other considerations can be cited which affect the out 
flow of the stream or which affect the balance of the re 
ction. These include such factors as chemical analysis 
of the steel, the surface conditions; temperature of the 
material, type of preheat fuel and type of flames. Each 
factor plays a definite part in determining the conditions 
to be used, but the extent is not yet clearly established 

Ihe chemical analysis apparently affects the speed of 
the reaction, many of the alloy steels requiring notic« 
ably slower speeds than for straight, low-carbon steels 
Many of the alloying elements do not oxidize as does 
iron, and must be removed by the melting action, thus in 
effect acting as impurities. 

Elevation of the temperature of the material aids some 
what in the speed of the reaction, but does not eliminate 
the need for preheat. Extreme temperature may even 
make control of the cutting more difficult. 

The type of fuel and the type of flames have been sub 
jected to various comparisons, but it appears that if the 
proper application is made, any of the more prominent 
fuels can be used with success. This is understandable 1 
we accept the viewpoint that a 
principal function of the preheat 
is to heat and to condition the ~—| 
oxygen stream. i; 







































































































Part II]—Operating ae) 
Information 57 CLEA 




















heavy section has been a problem 














culty. The process of establishing U 
the reaction from top to bottom of —HIIk 
the material is slower than for thin HIKY 
material, and the actions are mort } 
prominent. Some operators are wcuT ® , 
inclined to be hasty in considering RNER { 
that a cut is not starting properly i O 
and will stop operations without rypIC 
allowing sufficient time to permit 

the action to become stabilized. It 
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Plate VIII—Effect of Preheat on Location of Curve of Uncut Corner as De 


which has often presented difh —_ 


4B” MAY BE SULA TOE F- SUFFICIENT OXY 
Plate IX—-Starting Conditions for Heavy Operations 
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ously with the flow of th 
stream, and attaining 

operating speed immediat 
reaction will take plac: 


slamael 
veloped in 


correct manner 

If the tip is too far over the work and the top 
rather than the face, as in Fig. B, an action will t 
as in Fig. ¢ Che action will occur on toy 
stream will be deflected sharply to the rear. | 
stances, the stream will eventually pierce throug 
bottom as in Fig. D, perhaps leaving an un 
the Start 


cut « 
If the st irting speeds ire too slow, or if the di 
stream expands too sharply due to the excessive 
a condition as shown in Fig. & will result Phe 
will tend to carry the reaction ahead at too gre 
causing a pocket or shelf, below which the strea1 
sharply deflected away from the face If too htt 
gen 1s supplied, or if the speed is too great, Fi 
stream will fail to penetrate sufficiently an 
deflected away from the material without 
to pierce through to the bottom. 
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' 
ally 


A number of aids to starting have been used w 
ing degrees of success These include under 
torch inclination or slow speeds. Advantages 1 


in specific instances, but commercially, such op 
ire not looked upon with favor unless normal p1 
is found to be unsatisfactory, since they compli 
procedure 

he use of the lower pressure cutting str 
toward better starts, although excessively low 
may not carry through to the bottom satisfact 


very heavy work. The higher pressures are 
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finishing a cut it is evident again that if the proper 





g to special techniques. A cut in which the line of ac 
is perpendicular to the top and is devoid of a for 8 
vard drag condition will produce satisfactory finish con 














late X covers some of the conditions with respect 








the finish of the cut In Fig. A the cutting action 1s ‘ 
st mentioned. The oxygen stream will break 24 
rough simultaneously at all points. In Fig. B the cut : 
shown as havinga heavy drag. The stream will break rte 
ugh to some point, X, leavingaconsiderableuncut cor 33 
In Fig. C, the cut is shown as having considerable 36 
rward drag. The stream will break through at a point ry: 
| after severing the section above this point, will 43 

ise action, leaving an uncut corner. In Fig. D a torch 4s 





lination is shown. If the cutting face is straight, sim 
lar to Fig. A, the cut will break through at the bottom 
l continue to the top. The stream may be deflected 
i condition as shown in Fig. E where the action is par 
lleled to the finish face. However, if the action is as 
hown in Fig. F, having a rearward path, the stream will 
through at _X and will leave an uncut corner 











Operating Recommendations 


relations which have been conducive to the most 
ctory performance have been listed in tabular 
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Plate X-Finish Conditions for Heavy Operations 
to sharp reactions and disturbances which are not sizes 
to control , For 


which can 

0.422 in 

adjusted 
Finish of Cut within 


er minute 


Tl lable 9. The values revolve about the condition [tis app 
gen flow, therefore, speed is not shown The conditions, 
ption is made that initial selection of equipment _ larly 
made with the technical characteristics in mind _ erate 


HEAVY CUTTING 





SO that the torch will be adequate 
Speed recommend 


in capacity 
tions will li 


per minute for the range 
5 im. per minute 
which can be used up to at kk 


in. material. 


The tabulations 
f{ 12 in. and overt 


range of flow, 


sizes and the 


to use As mentione¢ 


i flow rang 


i gener illy 


point, but particularly 


work, the 
prove more 


sizes are based 


will pt rimit 


uutflow within a pres 


f{ about 25 


Che type ol 
| 
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For example, 
rial, the intermedia 


1007 shows 


which can be 


trom 0.290 to 0.375 : 
relation, 207 

obtained within an 
pressures shown | 
relation to the performance 


can be started 






nce of operating conditions exists, drop cuts can be Table 9—Operating Recommendations for Heavy Operations 
tained even with very heavy sections without resort nelicinae 
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nt that with a suital 
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ipplied and the operator must be more alert to condi 
tions and to indications of performance. Without a 
proper balance, results will be uncertain and may lead to 
fallacious conclusions. 

Of particular importance is an understanding of the 
general effect of the various factors, and the establish- 
ment of definite technical information relating to the 
equipment in use. Because a particular type of equip 
ment has proved itself capable of use in progressively 
heavier fields over the years is no assurance that a limit 
may not be reached. 

[he successful severance of heavy sections is of more 
importance than slight economies, hence some of the 
finer points of comparison common with the cutting of 
thin sections lose their value as the thickness increases. 
Chere is no economy in ruining an expensive heavy sec 
tion, 


Continued studies in this field will serve to definitize 





some of the factors which are not yet thorough] 


ated. To what extent improved operation is t 
pected cannot be predicted, but it does not app: 


able that any phenomenal resu 


Its will occur 
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American Bureau of 
Shipping Meeting 


HE Semi-Annual Meeting of the Board of Man 
agers of the American Bureau of Shipping was 
held Aug. Ist in the board room of the Bureau at 
{7 Beaver St., New York City 
President J. Lewis Luckenbach presided, and in his 
remarks stated 
At our last meeting a report was submitted to the 
Board on structural failures being experienced on our 
welded ships. That no serious failures have been re 
ported for some time is in a large measure due to the 
better weather and temperature conditions prevailing 
during the summer season, although we have every 
reason to believe that the corrective measures being car 
ried out on these ships as opportunity affords has also 
been instrumental in preventing such casualties. The 
reports of the Senate and House Committees which in 
vestigated the structural failures on welded ships have 
now been published and the interim report of the Board 
appointed by the late Secretary Knox to investigate the 
design and methods of construction of welded steel mer 
chant vessels has also been released for publication 
The large amount of investigation work now under 
way in connection with welding problems is making 
satisfactory progress. Most of this welding research is 
under the auspices of the National Defense Research 
Committee with funds provided by the Government and 
by the Welding Research Council but some of the projects 
are being sponsored by the Maritime Commission and 
the Navy Department. Important investigation work is 
also being carried out by some of our private ship- 
builders, by the steel manufacturers and the Bureau staff 
in our own laboratory. A special Sub-Committee of the 
Board to Investigate the Design and Methods of Con 
struction of Welded Steel Merchant Vessels has re 
cently been appointed for the purpose of correlating all 
the various welding research projects now under way 
Che Bureau is represented on this and other committees 
and our contribution to these important activities adds 
to the work of an already overburdened Technical Staff. 
In order to help out in this situation the services of Dr. 
Wendell F. Hess of Rensselaer Polytechnic Institute have 
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been retained by the Bureau a 
relating to welding research 
Production of merchant ty pes Of seagoing ve 
2000 gross tons by American 
6 mo. of 1944 has about equ 
during the first 6 mo. of 1! 


in the latter half of 1943. ry 
in the last 6 mo. of 1943 will 


us supervisory as 
nce in the condu 


and J. K. Hamil 


ssion of various t: 


H. Yoch and R. |] 


ng to application 


dividual problem: 


sa consultant o1 


shipyards during 
iled the results 


143 However, tl 
duction is not comparable with the outstanding 


ie tremendous p1 
no doubt stand a 


time high in the world history of shipbuilding 


rapid rate of construction woul 


the necessity for changing ove 


type. The transition, however, has been accom 


d have continued i 
present year were it not tor the curbing of overt 


r from the compat 
simple type of Liberty ship to the more involve: 


with the minimum of lost time, so that by the 


this year American shipyards will have compk 


record number of high-speed « 
chantmen 


‘competitive types 


Between January Ist and June 30th, Ameri 


yards completed 723 large me 


rchant ships of 


gross tons and a deadweight carrying capacity o 


*) 


234 tons, having propulsion ma 
hp. American merchant ship 


has reached a total of 3284 vessels of 24,979,4 


tons, 36,731,891 deadweight 


chinery totaling 4 


pre duction, 1939 t 


tons and 12,773,8 






[his merchant fleet produced almost entirely in th: 


of a war is almost three times greater in number 


what existed under the American Flag in 1939, 


most four times greater in gross tonnage and deadv 


Deducting war losses of Americ 
have merchant vessels double 
than what existed prewar unde 
time the first ranking maritir 
fleet now is approximately equ 


war world tonnage. Deducting world sinkings, 


now owns the major part of wor 
In new construction, the tre1 


‘an Flag tonnags 
in number and 
r the British Fla 
ne nation In 

al to one-half of 


; 
h 


> 


ld merchant tonnas 


id is toward larget 


with greater carrying capacity and more spee 


average ship built in the last 


war was 5100 g1 


and the present average is about 7600 gross ton 


clusive of Liberty ships they 
horsepowers and more than 50* 


r have greatly 11 
o greater speed 


Al 


the vessels being built today will provide valuabk 


ing tools in the postwar period. 
Of the total production for 


weight tons were cargo ships. 


the first 6 mo. ol 
586 vessels of 4,241,663 gross tons and 6,128,988 


Of this number, 4- 















ips. Only 410 Liberty ships remain under 
be constructed and all of these should be 
irly next year. A total of 2279 Liberty ships 
ompleted since the first one was finished in 
These vessels have been produced in an 
time of 62.7 dayseach. The performance of our 
in building Liberty ships contributed greatly 
nmating the greatest industrial and military 
hment of the Pacific Coast shipyards 
pleted their Liberty ship contracts, and this 
essel is now being constructed only in Atlantic 
Coast shipyards. 
rl tory type cargo ship is now being constructed 
hy six shipyards, five of which are on the Pacific Coast. 
time is being rapidly reduced with each suc 
vessel. In one yard the time of 60 days for 
producing a Victory ship from keel laying to delivery 
eached on the 28th ship, whereas this record of 60 
th the Libertys in the same shipyard was not 
until the 34th ship. This, in spite of the fact 
Victory ship is almost 20 ft. longer, almost 6 ft. 
re beam, is deeper and has more than three times the 
rsepower, aS well as many other refinements, such as 
tric cargo handling appliances, etc. The Poland 
the first ship of this type to complete a trip 
round the world has just arrived on the East Coast and 
most glowing reports on her performance have been re- 
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wed 
veda 


\dditions to our tanker fleet during the first 6 mo. of 
is year totalled 118 units of 1,215, 536 gross tons and 
929,415 deadweight tons. This rate of’ production is 
scheduled to continue throughout the year, so that we 
vill have constructed more tanker capacity than was 
er produced before in the world’s history in 1 yr. 
[hese tank ships added to our tanker fleet, plus the 
nkers on order yet to be completed, less sinkings, will 
to equaling in capacity the entire world 
nker fleet existing before the war. Certainly it is 
is large as any tank fleet existing under one flag 
\ll of the units constructed this year to date 
re of large capacity, over 16,000 tons, having 

nging from 16 to 18 knots. 
rica, the largest shipbuilding nation in the world 
producing ships at the rate of about 28 per week 
eof avast Navy program. The ships produced 
ire generally more modern and better suited for 
r needs than those produced a year ago. The 
berty ship, which was built essentially for purposes of 
has served its purpose magnificently, and that pro- 

is nearing completion. 

\merican ships cost a great deal more to build than 
irable ships from foreign yards. In order that the 
merican shipowner may compete, the difference in 
t of the vessel and cost of operation, which takes in 
etc., to some degree is compensated for by what 
ten called a subsidy. The fact of the matter is that 
tandard of living is high and we are determined not 
jure it. To preserve that standard of living the 
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Current Welding Literature 

Continued tron page 

ind Valve Gear Arc Welded Back Pressuf Relief 
Power Plant Eng., vol. 48, no. 6 (June 1944), pp. 97-98 
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Valve Seats Engineering, l 1080 (Mar. 24, 
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AMERICAN BUREAU OF SHIPPING 


Government pays a portion of the differential in « { 
American labor receives high wages and the Ameri 
seaman during the last few dangerous years has proved 


himself certainly worthy of recognition and su rt 
During the last war almost no modern ton: 

available. Fortunately bec of the establishn 

the Maritime Commission in 1936 a policy 

down which was capable of tremendous exp 

that an adequate number oi have be 

able to Carry munitions and goods to the fighti 

Such a policy should be vigorously supported so that 

American shipping industry will thrive over 

years instead of being spasmodic and an unsatisfactot 

arm of our national defense. It 1s essential th 

to-date facilities that have been established be kept 1 

use and it is particularly important that the tec! 

skills which have been developed not be al 

deteriorate. 


aust 


vessels 


i 


With the approach of peace, the questio the 
preservation of our Merchant Marine after the war shou 
be given serious attention not only by shipping men but 
by all Americans. The vital necessity of a Merchat 
Marine in time of war has been proved more than once 
and that factor alone should be so potent that the Amer 
can people will never agaim consent to have the Mer 


chant Marine deteriorate as it did after the last 
war. 

Our foreign trade must be increased by supplying the 
nations of the world with American goods and in returt 
buying from other nations imports which will pri 
cargoes for return voyages of American ships. It ts 
depressing fact that the decline in foreign trade amor 
all nations has been steady and severe in the last 40 y1 
In spite of greatly increased production, nations 
striving for economic self-sufficiency so that world track 
1913 up to 1938 decreased probably over 30° 
The foreign trade of the world ‘should be imme 
increased and American ships should carry their 
share of this increased trade 

The people of the United States should bs 
these facts in order that they may get behin 
shipping policy which is so vital to the existen f ou 
country as a world power. Not only in coastal trict 
but in the ' that 


vide 


has since 


Midwest, the people should realize 
vitalized Merchant Marine is necessary and thi oul 
support it. Other nations are pre paring exte! 
postwar shipping activities. We are lagging, a 


io not take positive action we mav expect t 
situation similar to that following the last 

If the ship owners, the shipbuilders, rey 
other people in shipping, which today is one of th 


industries, do not get together and urge it 

give the many reasons why the Merchant 

United States is so essential to defense a 4 ! 
national welfare it will slip back in its old place We 
shall have no one to blame but ourselve 


of wishful thin! 
some things are being done—but not enoug! 


being said, there is a great deal 
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AMERICAN WELDING SOCIETY TO 
HOLD TWENTY-FIFTH ANNUAL MEETING 


Seventeen technical sessions embracing 
more than sixty papers on welding sub 
jects will feature the 25th Annual Meeting 
of the AMERICAN WELDING Society to be 
held in the Hotel Cleveland, Cleveland, 
Ohio, from October 16th to 19th Phe 

eting is being held, as in past years, in 
onjunction with the National Metal 
ongress 

[wo talks emphasizing the importance 
of welding in meeting the wartime pro 
duction needs of the nation will be de 
livered at the opening session on the morn- 
ing of October 16th. Rear Admiral H. I 
Vickery, U. S. Maritime Commission, will 
peak concerning the use of welding in ship 
building; and Colonel S. B. Ritchie, U.S 
Army, of its use in the fabrication of ord- 
nance equipment The work of the 
AMERICAN WELDING SOCIETY in promot 
ing the production of needed ordnancs 
equipment will be recognized by the pres 
entation of the Ordnance Distinguished 
Service Award at this session. According 
to the Chief of Ordnance, United States 
War Department, the award is being mad 
as a recognition of the ‘‘outstanding con 
tributions” of the Society and because of 
its scientific and engineering achievements 
during the war years 

The technical papers to be presented 
cover the entire range of application of 
welding and applied processes, emphasiz 
Most of these 
applications and developments will be of 
importance when industry returns to nor 


ing wartime applications 


mal peacetime production. The men who 
have prepared the papers represent the 
thinking of those interested in production, 
upply, engineering and research 


RULES FOR FUSION WELDING PIPING 
IN MARINE CONSTRUCTION 


Those engaged in the present large 
scale shipbuilding program will be inte 
ested in the ‘‘Rules for Fusion Welding 
Piping in Marine Construction’’ published 
by the AMERICAN WELDING SOCIETY 

First published in 1938, this standard 
has now been revised to bring the original 
data for welding low-carbon steel (0.35, 
max.) Marine piping up to date Among 
the topics included are: Qualification of 
Welding Procedure; Qualification of 
Welding Operators; Design; Layout and 
Dimensions of Piping; Allowable Types 
of Joint; Preheating; Stress-Relieving; 
Hydrostatic 


Radiographic Tests; and 
Tests. 









Copies of the standard ar: 


available in 
the form of a 6 x 9 bulletin from the 


AMERICA WELDING Society, 33 Ws 
59th St New York 18, > Y., at ia pri 
of 25¢ per copy 


ADAM'S LECTURE 


The Adams Lecturer this year will bs 
Augustus B. Kinzel, who will lecture o1 
Solid Phase Welding 
be presented Monday evening, October 
l6th, at the Hotel Cleveland, Cleveland, 
Ohio, in connection with the Annual Meet 
ing of the AMERICAN WELDING SOCIETY 

The Adams 


in 1943 by the Board of Directors of the 


1 


This lecture will 


Lecture was established 


AMERICAN WELDING Socrety in honor of 
the founder and first president of th 
SOCIETY Phe 1948 


by Dr. C. A. Adam 
AUGUSTUS B. KINZEL 


Dr. Kinzel, Vice-President of Electro 
Metallurgical Co. and Chief Metallurgist 
of Union Carbide and Carbon Research 
Laboratories, Inc., graduated from Colum 
bia University, Massachusetts Institute 
of Technology and the University of Nan 
cy, France 


Lecture was presented 


where he received the degres 
of Doctor of Science Before joining 
the Union Carbide organization in 1926, 
he had several years of practical experi 
ence as metallurgist with General Electrix 
Co. and Henry Disston & Sons, lecturer in 


A. B. Kinzel 
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on Thursday evening, 
has consistently 


relating to 1 
ceive the 194 





1dvanced courses in metallurgy 
University, and as a consultant 
Dr. Kinzel is the author of 1 
ing and welding of 
the metallurgy and physical ch 


teel making, on the compositi 


properti und uses of ferro 
illoy st l ind on applied m« 
is co-author of the volume on « 
the ‘‘Alloys of Iro eries of n 
He holds many patents in tl 
Besides being Past Chairmar 


and Steel Division of the Amet 
tute of Mining and Metallurs 
gineers and of the New York (¢ 
the American Society on M 
Kinzel is also Senior Consulta 
Metals Branch of the War |} 
Board, Special Consultant 
Warfar 

of the Foreign Economic Adn 
Project Supervisor of the War M 
Committee 


Econom 


Chairman of the 
Committee of 
atories, M,. I. J Chairman of 

ability Committee of the Weld 
earch Council, member of the 

tional Acetyl 
Welding, member of the Comn 
Metals of the National Academy 
ences and Member of the Board 


tors of the Engineering Foundati 


lt 


Dynamic Testi 


Commission for 


STANLEY TO RECEIVE A.S.M 
RESEARCH MEDAL 
Robert Crook Chat 


President of The International 
Company of Canada, Limited 


Stanley, 


ceive the A.\S.M. Medal for the A 
ment ol 


dinner of the American Society for 


Research during the 


October 
| 


Cleveland 


Awarded annually to the 


ponsored n 


developments and by his fort 
helped to advance the arts and 


Tri 


tals, Mr 
Research Medal ! 


ptanmiey 


} 
I 
{ 
t 


his pioneering leadership in the 


netals research 


Ordnance Distinguished Ser 
Award 


The Award will be made by ' 


S. B. Ritchie on Monday mor 


October 16th 


Some day we shall have the pleasure 
of welcoming back to the Bell System 
the men and women who are now in the 
armed forces. They number more than 
55.000. Some 3500 released from ser- 


vice are already back with us. We shall 


A WELCOME HAND TO BELL SYSTEM WAR VETERANS 


have a warm welcome for the rest as 
they join us again. Not only shall we 
be glad to see them personally but we 
shall be glad of their skill and energy 
for the big tasks which face the Bell 


System in the future. 
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You’re Looking Through 
the New CESCO 
Cover Ue Goggles 


@ As you're looking a —— | 
through these new 4 
CESCO Cover-Lite 
Safety Goggles you’re | 
practically experi- | % Fs 
encing their comfort, in. - il 
oo Whgenects OO eee 
ally have them on, youscarcely know they’re there. 

Why, the combined weight of the lenses and 
the frame is only 96, 100 of an ounce! And, the 
frame rests lightly on the brow, nose and cheeks 
—no pressure anywhere. They’re comfortably 
worn over spectacles, too. 








Notice the clear plastic, non-shattering, replace 
able lenses. They have remarkable strength—and 
assure safety against impact. Also, the colored 
plastic frame serves as an eye shade, to eliminate 
reflections and reduce eye strain. The goggles are 
available with transparent green (No. 552) or 
white marbleized (No. 554) frames; also avail- 
able with green, glare-reducing lenses. 

Write for complete information on this amaz- 
ing, new Cover-Lite goggle now. 


<< a 


HOW TO SELECT 

—~, INDUSTRIAL 

\ HEAD AND EYE 
\ PROTECTION 


a buy safety equipment, see CESCO 


new 48-page catalog. It's the standard for 
quality ... write for your copy today. 





CHICAGO EYE SHIELD CO. 
2332 Warren Boulevard * Chicago 12, Illinois 
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| ienegenge Welding enables plants to 
turn out 2 to 3 times as much work 
with the same number of operators, when 
compared with the manual process. This 
advantage of increased production, or 
expressed in another way, greater fabricat- 
ing capacity of your plant, is important 
not only today but will prove extremely 
desirable in the keenly 


competitive postwar market. 


CONTROLLED 
QUALITY 


UNAMATIC 


UNA WELDING INC.* 1615 COLLAMER AVE.* CLEVELAND 10, OHIO 


Other timely advantages of Unamatic Weld- 
ing: (1) 200-300% greater speed on a job; 
(2) 15-25% lower materials cost (no stub 
end losses because wire is in coil form); (3) 
improved quality of work, because all oper- 
ating functions are mechanically controlled. 
Find out how Unamatic Welding will 
benefit your plant. Write and we shall 

be glad to have an experi- 


enced field engineer call. 
ee SS 
aS eke" 


WELDING 


CONTINUOUS 
PRODUCTION 
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IGHTY text for a postwar 
M industrial sermon is that 
given by Eric Johnston. . .““Beaten 
Paths are for Beaten Men.” 


Anyone who has followed, even 
casually, his able leadership of th: 
U. S. Chamber of Commerce wil! 
sense that his fight is for men who 
can change over from business pro 
cedures that simply ECHO, to 
those that SHOUT! 


The trouble is that, to many, 
departure from the beaten path 
presents many unknowns which 
cause hesitation. 


But, there is a painless and 
known way to blaze the trail . 









‘Beaten Paths are for Beaten Men,” cays ec foduscon 


Look, Mr. Johnston, how production and construction men are stepping 
out in front in welding speed and economy with Lincoln ‘‘Fleet-Welding”’: 


STEP AWAY FROM THE BEATEN PATH WITH ‘‘FLEET-WELDING’”’ 












cor Ke 





Typical actual step-ups in welding speed reported 
by two fabricators: 


350% FASTER BUTT WELDING 140% FASTER FILLET WELDING 


“‘Arc Force’”’ of *‘Fleet-Welding’’ makes pos ‘“*Fleet-Welding’’ digs into the corner. . . in 
sible square edge butt joints and two-pass the case of %” plate, cuts the amount of 
welding of plate as heavy as %’’. . . 9” of deposited metal by 50% and boosts welding 
joint per min., compared to 2’’ per min. with speed from 5” per minute to 12” per minute 
conventional technique. ..a Pittsburgh Cuts cost 59% ...a Cleveland Structural 
Tank Builder. Fabricator. 


Full details and ‘“‘Fleet-Welding”’ procedures in Bul. 440. Free 
on request. Consult the Lincoln Welding Engineer near you. 


THE LINCOLN ELECTRIC COMPANY «+ CLEVELAND 1, OHIO 


4tucthe. LINCOLN Coutubutiou to. 






ARC WELDING , 
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OUR NEW PRESIDENT Mr 
A. C. Weige ber of the Society and its Exeuctive Com 
> i - -" 
mittee, is also a member of the A.S.M.E 
A] as he is known to all of his friends Boiler Code Committee Newcomen So 


Weigel, in addition to being a mem 


vas born July 13, 1887 He graduated iety and other technical societies At 

ym the University of Tennessee in 1908 present, he is President of the American 

joined the Walsh & Weidner Boiler Co Boiler Manufacturers Association and 

ind remained with them until its acquisi \fhliated Industri 

by Combustio1 ngineering Co. j During the past three years Mr. Weigel 

L928 He ha en h the latter organi has served as Chairman of the Publications 
ml evel nce present he is Vics _ommitte of the SOCII ¥ 

I of this compan \l’’ Weigel possesses rare judgment 

nd tact and is an outstanding executive 

; keenly interested in welding matters 

in the SocreTy He is active in the 

the Welding Research Council 

mber of its Executive Commit 

also active in its financial 

interest in welding started 

inction of the use of Welding 

Code Committee, when we 

ensive studies and investi 

t in the 


protective tf quire 


Isaac Harter 


OUR FIRST VICE-PRESIDENT the Boil 


er Department of 


raylor Co. at Mansfield 
Stirling Co. at Barberton, 0 
aac Harter, now vice-president of the business at Mansfield a 
beock & Wilcox Co., Barberton, was in turn acquired by T! 


Isaac Harter 


born at Mansfield, Ohio, in Wilcox Co., by whom he 
graduated in 1901 fro the ployed since that time in vari 
, 


of nnsylvania with the d in manufacture, plant 


ic: Weigel gt : He began work that vear in technical and busin« 


THE RESULT OF YEARS OF THE MOST EXACTING 


RESEARCH IN THE WELDING TRANSFORMER FIELD HERCO 
PRECISION CONTROL HEAVY DUTY CONSTRUCTION A R Cc We r L D é R s 


Variable Core construction permits stepless Continuous 24 hour per day operation. 

heat changes while welding. Magic Eye-Pilot Sturdy connectors, on-off switch or 

indicates when machine is on. circuit breaker for lifetime of wear. 
Spun glass insulation. Durable sheet-steel 
housing. Easy rolling, portable. 





STREAMLINED ARC 


Instantly starting, smooth, flexible. Elimina- 
tion of “arc blow" produces sound, speedy MODELS 
and uniform welds. X-Ray test beads. available from 150 to 2000 amperes. 





LOWER COST OTHER PRODUCTS 
Power cost 50°/, lower than motor genera- Manufactured by Hercules 
tors. No rotating parts at all, therefore super- ~~ 
vision, oiling, pe eA of wearing nats MAGNETIC ALIGNERS 
eliminated. AC-DC RECTIFIERS 
HEAVY DUTY— 
THREE PHASE SOLENOIDS 
FOR AUTOMATIC SPOT WELDING 





POWER 
FACTOR 
corrected welders if desired. WRITE FOR LITERATURE 
(40 - 250 amps} 


HERCULES ELECTRICa MFG. CO." (0-375 amp 


MANUFACTURERS OF THE PRECISION WELDER WITH THE 


STREAMLINED ARC 
2416 ATLANTIC AVENUE + BROOKLYN, N. Y. rew 
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Your Never-Failing Source of Quality 
Electrodes for Every Type of Weld 


The reasons for the superior performance of craftsmanship constantly guided by advanced 
Reid-Avery Electrodes can be stated simply laboratory procedure. ¢ It is under such favor- 
and briefly: Twenty-five years’ experience, the able conditions that each of the following com- 


best and most modern equipment plus skilled _ plete list of Reid-Avery Electrodes is produced. 


IRN TERE PE OTT TE SLT aE GO ee 


2 


ELk¢ T A.Wie 
eC “Wis 
RODE CLA . as 
SSIFy;. ‘TERI 47 
C ATION TO 5 4 
* BE 
E WELDE 
+-6010 “D 
E60] 
= ] : 
E6019 Mild Stee] 
2 ild Stee] 


‘ : ee TYPE ‘ 

Mild Stee] ~  nnaiesis ANa 
ill Po ; ” gama 

Silion 
E-6013 “a Position 
: Mild Stee] 

E6029 c 

E6030 Mild Stee] 

E-6020 

E.6030 

E6030 


7€nera] Pp 
. ur 
4ght Gay Pose 
auge 
Butts. S 


Mild Stee} } 


Po isi 
“illete and poeed 


F Sing » > cep Cr 
Mild Stee] Nee Pass 0Ves 
Cis or Groo, 
es 


Dee, ( 


*TOO, es 


Ninable 


REID-AVERY COMPANY 


DUNDALK BALTIMORE 22 MARYLAND 


SINCE 1919 * PRODUCERS OF ARC WELDING ELECTRODES 
AND WELDING RODS 
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SIMPLER 
TIMER CIRCUITS 
CUT COSTS 


Not only are fewer 
and less expensive tubes 
used in Weltronic tim- 
ing Circuits, but their 
simplicity also reduces 
maintenance of welding 
control to a minimum. 
Inspection is easier, tube 
replacement is reduced 
and machine down-time 
minimized through this 
exclusive Weltronic de- 
velopment. As many as 
one-third of the tubes 
required by conventional 
timers; have been elimi- 
nated’°on many models 
without any sacrifice in 
precision of timing. 

Use of ‘grid blocking’ 
transformers in the tim- 
ing circuits makes the 
controls less sensitive to 
power line variations 
which often cause in- 
consistent timing with 
conventional controls. 

There is a_ simple 
Weltronic Timer for 
every resistance welding 
control application. 


Ask for 
Bulletin No. WTT-44 


og | 


in welding began with ex 
1907 in repairing steel cast 
carbon ar From 1911 to 
> Was instru! stigating 
erious cases of caustic embritth 
ment, and, as a result, brought about a 
al change 
ral 

modifying effects sodium sulphat 

these cases 


bare wire welding in boiler drums from 


1922 to 1929 at the ends of the main longi 
tudinal seams and then led the way in the 
manufacture and sale of completely welded 
boiler drums He was closely associated 
with the beginnings of the 4 5.M.] 
Code and the corresponding Cod 
State of Ohio, and with the ac 
ance by the U.S.N. of welding for its pre 
sure vessels. In 1931 he became respot 
sible to his company for the constructio1 
and installation of the 30-ft. penstocks at 
Boulder Dam, a project impossible to real 
ize without the art of welding He | 
guided the development of its busine 
kaolin refractories, in the production 
alloy steels for its own use, and mort 


cently for its work in the production of W. F. Hess 


lectrically welded tube 


SECOND VICE-PRESIDENT saraating As 
W. F. Hess of the War Product 
I o consultant on 
Dr W | Hess attended Rensselaer American Bureau o 


Polytechni Institute it roy, N. Y , lor T Hess has 


four years, graduating in 1925 with the 
degree E.E did graduate study at ' 
R.P.I. for three years ending 1928 with th: Jew Work and 


degree D.Eng.; was instructor in Elec Chairman. Committee on Awa 


trical Engineering and Physics, R.P.I., Pre 
1928 to 1930. In 1929 Dr. Hess began mittee ie t9 go member 
teaching a course in welding to United 41E.E..SPEE. andASM 
States Navy Annapolis graduates sent to 

R.P.I. by the Bureau of Yards and Docks 


for special og a has re - OUR TREASURER 
tinued since that dat e was Assistan ry et Seance 


sent Chairman, Educati 


Professor of Electrical Engineering and 

Physics, 1930 to 1937; New York State Mr. O. B. T. Fraser is relatix 
licensed Professional Engineer No. 13793 comer with the AMERICAN W! 
since August 13, 1935; Assistant Pro 
fessor in Metallurgical Engineering, 1937 
to 1938 


"/ 


CIETY, having joined in 1935 
short space of time he has establi 


In 1937, Dr. Hess designed and ar 
ranged for the equipment of the present 
welding laboratory at R.P.I In 1938 
the First Welding Research Committe 
Fellowship was established for the study 
of the spot welding of low-carbon and 
stainless steels his fellowship was re 
newed until the present year From 1938 
until the present time, he has been Asso 
ciate Professor in Metallurgical Engin 
ing and Head of Welding Laboratory 

In 1939 the International Nich 
established a Resistance Welding 
ship, which was continued until th 
ent year 

Establishment of first Aircraft Spot 
Welding Research Fellowships under the 
auspices of the National Advisory Com 
mittee ,for Aeronautics, the Army Air 
Corps and Navy Bureau of Aeronautics 
were made in 1940 and continued until the 
present year 

Establishment of first programs of War 
Research under the War Metallurgy Com O. B. J. Fraser 
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PLAN YOUR PLANT DRIVE NOW! 


Good organization will be needed to sell the 6th. The task of raising the huge sum required will be 
the most difficult ever asked of Industry. As each new military success brings us closer to Victory, the 
public naturally will feel that the urgency of war financing is lessened—whereas it isn’t. So organize 
now to prevent a letdown on the home-front from causing a letdown on the fighting front. Build your 
plant’s payroll campaign around this fighting 8-Point Plan. You don’t have to wait for the official Drive 
to start— swing into action NOW! 


| BOND COMMITTEE—Appoint a 6th War Loan Bond (b) Pre-drive letter to employees from management 
Committee from labor, management and each represent- (c) ee elitive progress &x 
ative group of the firm. (d) Meeting schedules, et. 

2 TEAM CAPTAINS—Select a team captain, foreach 6 CARD FOR EACH WORKER —Dignify each personal" 
10 workers, from men and women on the payroll—but approach with a pledge, order, or authorizatior 
not in a supervisory capacity. Returned veterans make made out in the name of each worker. Provide 
most effective captains. cash purchase or installment pledge. Instruct ea 


tain to put a pencil notation on the card 
3 QUOTA—Set a quota for each department and each subscription he expects to solici 
employee. 


‘ R N sople don’t mind 
4 MEETING OF CAPTAINS—Give a powerful presen- nr ssapeg cp ee Seapets econ 
tation of the importance of the work assigned to them os (papi cg 820g eg ore epelege 
the end of the drive in a fast mop-up campaign 
Instruct them in sales procedure. Have them carefully egesantt Sta io. Wace Clateennien Gintis te 
study the Treasury Booklet, Getting the Order. ee wae ——a<;-  ° 


full y detailed plan—NOW! 
ASSIGNMENTS As bilities f 
3 (a) Music, speeches oar yen Pa aH pear a te o¢ ADVERTISE ° THE DRIVE—Use all po: 


- ar . 
rally. 1e regul 1€ empk y to tell the War I 
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self as one of the hardest: workers of thi 
SOCIETY He is Chairman of the Nickel 
Alloys Committee of the Welding Re 
search Council. He has served as a 
rember of the Executive Committee of 
the Socrety and a member of the Com 
mittee on Outline of Work He served 
Meetings and 
Papers Committee and of the Committe: 


also as chairman of the 


to Study the Reorganization of the Tecl 
nical Activities of the Socrery His good 
judgment and genial disposition and his 
broad experience make him a decided asset 
to the SocIETY 

O.B J , as his friends choose to call hin 
was born in Brockville, Ontario, Canada 
He received the B.Sc. degree in Metallut 
gical Engineering in 1916 from Queen’s 
University, Kingston, Ontario. He spent 
a year inspecting military explosives. He 
joined the International Nickel Co., Inc 
in the summer of 1917 at their works in 
Bayonne, N. J. From then until 1922 he 
occupied several positions at the Port Col 
borne, Ontario, Works of the company, as 
superintendent of the electrostatic fume 
precipitation plant, as night works superin 
tendent and research engineer. In 1922 
and 1923 he became connected with Mel 
lon Institute in the study of corrosion of 
nickel and nickel alloys. From 1924 to 
1932 he was in charge of the research lab 
oratories of the International Nickel Co 
at Bayonne. From 1933 to 1934 he carried 
on field development work in the use of 
nickel alloys in the petroleum industry 


BRASS maxes BULLETS 


RECO Gas Plant Equipment to be 
safe, must be made of brass and 


other critical metals. 
Conserve your equipment. 
You may not get more. 


> BASTIAN- BLESSING 


4241 W. PETERSON AVE 


Pioneers and Manufacturers of Precision Equipment for 


3 and Controlling High Pressure Gases 


From 1934 to date he has served as Dire 
tor of Technical Service on the Inter 
national Nickel Company’s mill products, 
which include welding service work on 
nickel, nickel-copper and nickel-chromium 
iron alloys and on steel clad with thes« 
alloys 


DIRECTORS-AT-LARGE 
Roger W. Clark 


Mr. Roger Clark, reelected as Director, 
was born in Paxton, Mass., in 1902 and 
attended Clark University in Worcester, 
Mass. Roger is one of the hardest com 
mittee workers of the Socrery He is 
Chairman of the Committee on Outline of 
Work, Chairman of the Committee on 
Definitions and Chart, and member of half 
a dozen technical committees of the So 
cIETY. He has also been active in stand 
ardization work of the A.S.A. and the 
A.S.T.M He is past chairman of the 
Northern New York Section of the So 
CIETY and has been a member of the Exec- 
utive Committee of the Socrery during 
the past year. He is also Chairman of 
the A.W.S. Ordnance Committee 

Roger joined the General Electric Co 
when he left Clark University in January 
1924. A year later he became identified 
with welding in the General Electric Co 
and during the next three years he was ac 


R. W. Clark 


tive in production welding, super 
and inspection. In 1928 he ent 
Works I 
problem of setting up engineering 
ards'on welding. He has also be 
in training and qualification of 
operators and the development of 


vaboratory and was assigne: 


procedures and procedure control 
General Electric Co 
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WRITE FOR 
CATALOG 


We manufacture a complete lin: 
of resistance spot welders from 
Y/, to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose 


TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES 


CHAS. EISLER 
EISLER ENGINEERING on oF 


779 -SO. 13% ST. 


_ 


NEWARK,3 N. J. 


Near N AVE 








This simple operation is the final proof 
that Machlett has succeeded in produc- 
ing malleable beryllium, for here that 
il is being rolled into sheets from 
0.004 to 0.020 inch thick, sheets that 
are vacuum-tight, and have adequate 
ductility at high temperatures. Such 
roperties were once considered im- 
le to realize. 

Why was it important to produce the 
netal in this rare form? Because beryl- 
1 was known to be remarkably trans- 
rent to X-rays, and if it could be used 

a window in the tube envelope, a 

t improvement would be made in 

es for several important applica- 

3 — particularly X-ray diffraction. 

e such application is determining the 

s of quartz crystals (important in 

r radio); there are manifold similar 


The 
impossible 


is 


done 
here 


vital technical uses in metallography. 

So Machlett did the impossible 
beryllium was made malleable. Details 
are to be found in a scientific paper, 
copies of which will be sent on request. 

Such an achievement is typical of 
the Machlett determination to over- 
come even the greatest obstacles to the 
production of the most effective and de- 
sirable types of vacuum tubes, whether 
they be X-ray tubes for medical, dental, 
industrial or scientific purposes, or are 
radio tubes for communications or in- 
duction heating. When you see the 
Machlett name, remember that it was 
the policy of making the best possible 
product that made us the world’s 
largest manufacturer of X-ray tubes... 
Machlett Laboratories, Inc., Spring- 
dale, Connecticut. 
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Machlett Diffr 
Used in analyzing 


ther 


RAY TUBES SINCE 1898 


TODAY THEIR LARGEST MAKER 





L. W. Delhi 


Mr. Delhi was born in Arizona, Novem 
ber 1892, and is of Danish extraction. He 
attended Throop Polytechnic and U.S.C 
Mr. Delhi was unable to complete his uni 
versity work and turned to professional 
baseball for four years before resuming en 
gineering with the Nevada Consolidated 
Copper Co., at Ray, Arizona, which posi 
tion he held for four years. He then spent 
three years in engineering work and con 
tracting in Southern California and about 





L. W. Delhi 


sixteen years ago joined the Western Pipe 
& Steel Co. He is a member of the Olym 
pic Club, Lakeside Golf & Country Clyb, 
Astronomical Society of the Pacific and 


the Seismological Society It may be 


added that for the entire sixteen-year 
period with the Western Pipe & Steel Co 
the major problem has been the sales, en 


gineering and mechanical development of 


welded products. Mr. Delhi is Vice-Presi 
dent of the Western Pipe & Steel Company 


James Finney Lincoln 


James Finney Lincoln, President of The 
Lincoln Electric Co., Cleveland, Ohio, 
and the man in whose honor The James F 
Lincoln Arce Welding Foundation wa 
created, was born May [4, 1883, on a farm 
near Painesville, Ohio 


J. F. Lincoln 


His academic training for the profession 


of electrical engineering was obtained at 
Ohio State University He left school 


early in 1907 a few months before he was 
to graduate, a victim of the then-prevail 
ing epidemic of typhoid fever He wa 
later awarded the degree of Electrical En 
gineer by the faculty His two older 
brothers, Paul M. and John C. Lincoln 
both hold the same degree from Ohio State 
University 

The character and mental stature of the 
man to be were evident during his life at 
the University He was large and heavily 
muscled but, unlike many big men, he dis 
played a tempestuous emotional make-up 
which brought him devoted followers on 
the football field and served as a forecast 
of the way in which he would tackle the 
problems of life and of his profession 

His older brother, John C. Lincoln, had 


founded The Lincoln Electric Co. and here 


is where James F. Lincoln went to work 
It required five or six years for the strongly 
emotional youth to find himself. He 
finally did so by applying his tremendous 
energy and enthusiasm to the job of mak 
ing the developments of electrical engineer 
ing useful to the publi That | 


I 
consuming passion with him and in follow 


ecame a 


ing it, he worked in the fields of invention 





WANTED 


CHIEF ENGINEER FOR RESISTANCE WELDER 


MANUFACTURER 


We are in need of forceful, high caliber man with resistance welding 
experience. Must have good electrical and designing background and 
be able to supervise men. This is a once in a life time opportunity 
for a top flight chief engineer who is full of new and progressive 
ideas. Our post-war position will be strong as we have no conversion 
problem and we also have a number of new and unusual engineering 
developments that will enlarge our marketing possibilities 


ADVANTAGES 


Modern air conditioned drafting room, profit sharing plan, good 
future, excellent salary, with opportunity to become stock holder after 


ability is proven. 


W rite us sufficient information so a personal interview can be arranged 


Our employees know about this advertisement 


PROGRESSIVE WELDER COMPANY 
Detroit 12, Michigan 


3050 E. Outer Drive 


Time Counts - 
Gas cut and Weld with 
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SHAWINIGAN PRODUCTS 
CORPORATION 


EMPIRE STATE BUILOING, NEW YORK 1.N-Y. 


deve lopm nt, engineering and 


broader fields of econon ics and 





management 
Since 1929, the company of 
now president, has more thar 


number of employe: Che 


no bonded oT bank ind 


owned almost entirely by m 
its management and by its wag 
This happy state of affair 
James F. Lincoln’s enthusia 
ing technical achievement 
poses Among his achiev 
following 
His first contact with 
ing was made when a 400-amp. ar 
set sold for something aroung & 
$4000 He brought a 
ment of the separately 
welding generator wit] 


field and _ stabilizer 


rhis resulted in an a 
which made it easy for a 
ing operator to learn how 
present price of around $5/ 
imp. unit which is better 


units which sold for $3000 or 340 


result of applying technical k 


people’s manufacturing ro 
creating a demand for the equi 

In the field of electric ar 
trodes Mr. Lincoln pioneered 
opment and application of 
electrode pome ten years ago 
trode was selling for roughly 
pound. Mr. Lincoln put ma 
equipment into his plant t 
research department to improv 
today the product sells roughly 
per pound in carload lots 

In the field of automatic ar 
equipment, Mr. Lincoln early re 
the coming need for speed and p 
He picked the carbon are proces 
susceptible to deve lopment in tli 
tion For a number of years h 


substantial sums of money developi 
equipment with little financial 
He developed mechanisin that wo 
the arc to a predetermined | 


means of shielding the ar: 

metal equal to and in many respect 
than the steel to be welded: env: 
magnetic fields to stabilize 
spite of administrative duties he 
and engineered the applicati 


equipment its¢ lf 
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VISIT THE DIVERSEY EXHIBIT 
SPACE 7A-624 


NATIONAL METAL EXPOSITION 
Cleveland, Ohio, October 16-20 








»» HELP WANTED? 
JUST CALLA 









|REMOVE SCALE 
FTER HEAT TREAT 








WITH DIVERSEY 


EVERITE 


Diversey Everite is a powerful solvent specially developed 
to remove heat scale quickly and completely without harm- 
ing the sound metal. Will not change dimensions of forgings 
and castings. Also removes rust from metal surfaces. Reduces 
hydrogen embrittlement. Economical... works only on ox- 
ide and other unwanted deposits... not on the metal. Easy 
to use by soak or circulating method. P.S.—Remove quench- 
ing oil with Diversey DC-22 in tank cleaning or DC-14 in 
power washer. 


1. REDUCES HYDROGEN EMBRITTLEMENT 


Here’s proof—Place a small wad of steel wool in graduates filled 
with Diversey Everite and raw acid. Note how the steel wool 
is carried to the surface by bubbles of hydrogen released by the 
raw acid. In the Everite solution, the steel wool remains at 
the bottom...there’s no evolution of hydrogen, no corrosion. 
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2. WILL NOT INJURE METAL SURFACE 


Here's proof—Select two rusty pieces of steel. Place one ina 
solution of Diversey Everite and the other in raw acid. Note 
how Everite removes the rust quickly and completely, AND 
THEN STOPS while the raw acid continues to dissolve the 
sound metal after the rust is gone. 


For Liberal Experimental Sample Write Metal Industries Dept. 
THE DIVERSEY CORPORATION © Chiceso sin. 
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The process is today one of the most He was Vice-Chairman of the first 


Being a member of th 























widely used in welding and is known a Structural Steel Welding Committee and WELDING Society for many \y 
the Electronic Tornado has been a member of several other com served on a number of its con 
In the field of induction motors Mr. Lit mittees of the Society, also serving as was one of the founders of t] 
oln brought about the following develo Chairman of the New York Sectior New Jersey Section and 
ments: use of squirrel cage motors for Mr. Priest has contributed papers, fron as its Chairman and 
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on structural welding research his greatest ; 
interest has been in developing rational \MERICAN WEI DING SOCI 
design methods for and standardization of ham Engineer's Club 
welded structural details He is also a 
member of the American Institute of Steel District No. 4 
Construction Committee on Steel Struc 
tures Research. - Central—]. F 
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He is employed by Bethlehem Steel 7 Maine was born at 


Co. as an Engineer in the Fabricated Steel i888. After 
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welded steel structures, having come to + — En 
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it has always been the policy of the Metal & Thermit Corporation to pay 
special attention to the development of electrodes for welding special 
steels. Murex Carbon Moly. 50, Molex and Type M, for example, are 
outstanding in their performance for welding carbon-molybdenum steel 
plate, castings, htgh pressure, high temperature piping and pressure 
vessels. Murex R.C. and C.F., for the repair and welding of air-hardening 
steel castings are among the electrodes developed to meet the needs 
of war production. 

As the electrode requirements of fabricators change with the advent 
of industrial conversion, suitable Murex Electrodes will be available. 


these heating units, produced by 
McQuay, Inc. of Minneapolis, must be rugged to 
withstand gunfire shock and near miss bomb 
concussion. To combine sturdy construction with 
light weight, welded construction using Murex 
Flectrodes was adopted for the heater Casings, 


by S. Morgan Smith Company, worlats 


largest exclusive turbine builder. The illustration shows welding of a three-way branch inlet 
of a Vertical Impulse Turbine. Advantages of arc welding are: elimination of possible defects 
of complicated castings; less metal used; figuring of exact weights possible, thus enabling 
manufacturer to keep within estimates. Down-hand Murex Electrodes are used. 


ANK ac . + 
‘*>, produced in quantity by The 


Bigelow Company of New Haven, Connecticut, are welded with low 
a'toy Murex Electrodes to withstand pressures of from 100 to 600 pounds. 


1944 ADVERTISING 


_ r on an 8O0O-tur 
hydraulic press developed a crack 20 inches long 
and after preparation for welding 4 inches wide 
and from 4!%5 to 6!» inches deep. Preheated ‘ 
hours at about 700° F., this temperature was main 
tained during 17 hours of continuous welding 
with Murex Type F !4 inch rods. The Detroit & 
Cincinnati Welding Company report that cylinder 
wall distortion was only about .0015” and that 
the flange moved only .004 


ARC WELDING ELECTRODES 


120 Broadway, New York 5, N. Y. 


ALBANY + CHICAGO «+ PITTSBURGH 
SOUTH SAN FRANCISCO + TORONTO 


Specialists in welding for nearly 
forty yeors. Manufacturers of 
Murex Electrodes for arc welding, 
ond of Thermit for repair and fab- 
rication of heavy ports. 
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INFORMATION 


/° BETTER WELDING 


This New Engineering Bulletin contains important technical 
information that may save you time, labor and money on 
many welding jobs. Learn how to keep welding jigs free 
of spatter; how to save mill-scale cleaning time after nor- 
malizing; how to reduce fumes; etc. etc. Contains actual 
case histories and laboratory authenticated reports. Write 
for your copy now. 


WELDING SUPPLY DISTRIBUTORS AND SALESMEN WANTED 


The MIDLAND PAINT & VARNISH CO. 


$126 RENO AVENUE CLEVELAND 5, OHIO 
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Thirty-one years of growth in equip- 
ment and welding skills fully warrant 
that statement . . “rarely too large 
and never too complicated’’. 

United Welding therefore invites you 
to submit your drawings for quotation 

though the weldment desired be 
large or small, light or heavy, simple or 
involving special problems. 

The former arm here shown, a typical 
measured 12 feet 
and weighed 1900 pounds. 

How about that post-war unit? May 


weldment, overall 


we study the drawings—in confidence 
—and quote you on the parts that 


could be of welded con- 


THE UNITED WELDING CO. 


MIDDLETOWN, OHIO 
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HOW TO CUT POSTWAR 
PRODUCTION COSTS 


Ransome Welding Positioning Equipment 
provides one way to improve the quality 
of your postwar product and to sub- 


stantially cut costs...simultaneously. 
Postwar competition spotlights produc- 
tion costs. With welded construction so 
much a part of postwar industrial 
design, it will pay you to investigate 
the cost-cutting, production- 
boosting advantages of this 
equipment. 
De hednaea ais = .) A Vv 3 
ge up to 


plete informa- 50% weld- 
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accident haz- 
hue tae Bele Mes wb el 
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better, stronger and 
smoother welds. 


INCREASE 


welding production up 
to 50%. 


Visit our exhibit booth B-102, National Metals 
Exposition, Cleveland Public Auditorium, 
Cleveland, Ohio, October 16th thru 20th. 
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As A. E. D. Engineer and Sales Engineer, 
Mickey and his career progressed in the 
ensuing years to such an extent that in 
1934 he left Air Reduction Sales and 
Welding Engineer Barrett’’ started out 
on his own, contacting oil fields 

The oil-field phase of Mickey's welding 
activity was cut short to accept an ap 
pointment as assistant supervisor of cor 
respondence studies in the Extension 
Division of the University of Oklahoma. 

Mickey has built an enviable reputation 
as Beech Aircraft Corp. in the past four 
and a half years. There are very few de 
partments in the plant that have not felt 
the Barrett ‘‘get the job done” technique 
and liked it 

In addition to Mic key’s present posta 
District Vice-President, he is a member of 
the Membership Committee of the na 
tional and also local chapters, AMERICAN 
WELDING Society, member A.S.M., mem 


F. A. Longo 
M. A. Barrett 


a advanced to Boiler 
District No. 7 Supervisor of the Los Al 
ipproximately $3000. To have replaced Western— F. A. Longo Shop Finished cout i 
the part would have entailed an initial cost Engineering with the Int 
of $20,000 and a loss of from three Frank ng N born April 14, respondence School 


months at an hourly rate of $125 ' IS9O7, in Le ngeles, ilif He entered In 1939 was advanced 

Barrett has had a great many titles, but rail rvice on Ju 1, 1915, as Boiler Foreman, Bayshore Shop 

by far the best known, and his favorit: ke \pprent he Southerr In June 1941 

just ‘‘Mickey.’ cific R.R nded olytechnik Boiler Inspector, ut 
Mickey started training for a car vening ig ig in 1917 Welding and Cutting 

welding engineer, just out of high sch é fini Li pprenticeship he Department 

with the old Standard Parts Co. of Clevs 

land, Ohio, in 1917. In 1921, he becan 

issociated with Air Reduction 
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DEPENDABLE 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


60 E. 42nd St. NATIONAL CARBIDE CORPORATION 
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A 72-HOUR, FIVE-DAY WEEK FOR THE METAL INDUSTRY 


DEVOTED TO THE STUDY AND FUTURE APPLICATION 
OF WAR DEVELOPMENTS IN METALS + «+ @« -s» 


An interest-packed, 72-hour week is in store for the metal 
industry during the 26th annual National Metal Congress 
and War Conference Display, the week of October 16 in 
Cleveland's Public Hall. 

Meeting to summarize the new developments and 
processes of the war years, to take stock of their value for 
tomorrow's applications, the metal industry will take part 
in a series of practical panel-type sessions each afternoon 
and evening. Nearly 300 experts representing the major 
branches of the industry will actively participate in these 
panel sessions. 

At 9:30 each morning and running afternoons and 
evenings, more than 150 research developments in the 
metal industry will be presented under the auspices of five 
national technical societies. More than a thousand metal 
men have prepared these fast-moving technical papers. 


st 


Oro a 5S = eit 


Opening at noon each day and continuing through the 
evening, more than 300 conference displays, manned by 
the executive and engineering experts of industry's lead 
ing manufacturers, will explain and demonstrate develop- 
ments in products, processes and equipment and point out 
their application in the Design for Tomorrow. 

All-in-all, it will be a full 72-hour, five-day week of 
work and learning for the thousands who will attend. Plan 
to be there — make your hotel reservations now through 
the Housing Bureau, Cleveland Convention and Visitors 


Board, 1604 Terminal Tower, Cleveland 13, Ohio. 


NOTE — While more than 300 manufacturers have taken 
display space, a few choice locations are still available. 
For details, write or wire collect to the American Society 


for Metals, 7301 Euclid Avenue, Cleveland 3, Ohio. 


ATIONAL 
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AND WAR CONFERENCE DISPLAY . Cee a. Meee ws hak 


with the American Welding Society, the Iron and Stee! and Institute of Metals 
aii ET iancan eins hes cs Woot Winusdads es Antone 
Industrial Radium and X-Ray Society and the Society foz Experimental Stress Analysis. 
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WELDING DISTRIBUTORS 
ASSOCIATION 


The Welding Distributors Association 
will hold its Second Annual Meeting in 
Cleveland this year. With the ide 
giving the members an opportunity to 
attend any of the sessions planned in con- 
nection with the Metal Show, in which 

light have ar nte t, the dates of 


14th, chosen 


Electric Welding Division 
Electric Co., 
be on hand to help with t 


prod 


with other yf 
ction and  distribut 
Invitation 

tributor 

Association 


pected to at 


RESISTANCE WELDING 
THE CONSUMER'S POINT 
At a recent m 
Welder Manufactu 
John Diebold, we 
eral Motor 
gave an int 
what the u 

sistancs 
‘*The 
done an 
Diebold 
fact better 


t 


industry 


batter! 


Reach for 


ei em gee G3 
(e6011) AA E (£6013) 
WELDING RODS 


Available again, after three years of war service. 
DUCTONE AC rods are designed and manufactured 
especially for AC welding. It is the best rod for all 
position and general purpose welding. DUCTONE AC 
rods have deep penetration, are good on dirty mate- 
rials and operate on exceptionally low current. Small 
sizes are especially good for thin 
sheet metal. Excellent for vertical 
and overhead welding on DC posi- 
tive polarity. Extruded in all sizes 
from 1/16 to 1/4 .See your dealer. 


Territories Available for Distributors 


Chicago Steel and Wire Co. 
103rd St. and Torrence Ave. 
Chicago 17, Hlinois 
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.» Welded Monel basket carries 
TWICE the former crate load! 


MONEL - “K” MONEL + “S” MONEL - “R” MONEL 
“KR” MONEL + INCONEL + “Z” NICKEL - NICKEL 


Sheet... Strip...Rod... Tubing...Wire...Castings 


ADVERTISING 


The simple, effective way 
Monel basket raised pickling capacit 
trated above. 

The small photo shows the tank wit 
former pickling crate, made of wood, used by 
the Pittsburgh Forgings Co., Pittsburgh, Pa 

The large picture shows a welded Monel 
basket, designed and built by the Youngstown 
Welding & Engineering Co., in use with the 
same tank. 

Outside dimensions of the crate ar 
ire practically the same. Yet the welded | 
basket carries just about twice the b 

In service, the Monel basket has als 
to be a time and trouble saver. Electri 
welded with INCO’s No. 130X elect: 
basket has firm, strong welds that res 
severe corrosive attack of hot pickling ax 
effectively as do the Monel flats. And 
Monel takes in stride the bumps and 
gets in handling 4000 lb. loads 

It is an excellent examplk 
service that can be obtained with 
job Monel sheet, bar r rod 
Monel electrodes 


THE INTERNATIONAL NICKEL COMPANY, INC 
67 Wail Street New York 5, N.Y 
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Physical Metal nology and is a memb« 
post after four WELDING Society and the Ma 
road Boiler Makers Association 


years’ research and 


Arcos (¢ orp. o1 


PRESSURE SHOCK EQUALIZING 


ts, metallurgical Chek-Shock”’ pre ire 

ls and finished g valve for ‘ t 

has also taught gulators employed 
practice at oxyacetylene welding and 

ng School ment Devi 4 to el 
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Buy *“*Proven Fluxes”’ with Years of 
Guaranteed Satisfaction behind them 





The Trade-Name is “*ANTI-BORAX”’ 


Ask for Them Unequalled for Quality 
A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; ‘‘ABC’’ Aluminum 
Flux No. 8 ‘for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 


ANTI-BORAX COMPOUND COMPANY 
Fort Wayne, Indiana 








NET MONTHLY ADVERTISING RATES 
Black and White 
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G-R, the welder that set the pace in the wartime swing toward a.c. 
welding's speed and economy, is ready now with job-tested features 
that will save you time and money on tomorrow's competitive job of 
winning the peace. 


G-R Volt-O-Matic control, reducing open circuit voltage to less than 


10 volts, is available for all models and is standard equipment on Models 
39 and 49, 


G-R Power Factor Correction, permitting smaller power wiring and 
reducing power costs wherever low power factor penalties are imposed, 
is standard equipment on all ‘‘C"’ and Industrial models. 


Every G-R unit delivers a full welding range—from 15 amperes or less to the top 
capacity of each model—with ideal all-position welding characteristics at every point 
in the range. 

There's a size to fit every requirement, from the 10-100 ampere Model 10 (drawing 
less than 30 amperes on a 110-volt line at top output), to the giant 2,700-ampere 
Model 85. 

For better welding at lower cost, for safety unequalled by any other a.c. machine, 
plan now to make G-R your postwar welder . . . you'll be hours and dollars ahead! 


Get the facts from your nearby G-R distributor, or write to: 


GLENN-ROBERTS COMPANY 


3100 EAST TENTH STREET~- OAKLAND 1, CALIFORNIA 
2107 ADAMS STREET - INDIANAPOLIS 1, INDIANA 
ARR RT AE AREY ARIE ENB 
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YOUR POSTWAR WELDER 








Remember 


1dmissi f full ylinder pr 
regulator udd pening of cyl 
, 
Valy 
For information addre Safety 


Mfg. Co., Mfr., P. O. Box X, Fowl 


WARTIME ‘DOUBLE RING’ CEREMONY 











Electric and Manufacturing Co Ch 






























































































































while a similar ring, atop still other 


serves as a means of holding the weld 
object in proper position for the weld 


Che rings are rims for war-vital 500-h 


motor 


TRACTOR REPAIR 


w~ 


Worn grousers on tractor-shoe 


great loss in traction efficiency 


tracks slip and slide over the terrain 


the resultant loss of traction, causing fewer 


and smaller loads to be had per day 
work accomplished at incre: | 


handling—besides delay and loss of 


uable time on other equipment on th 


New parts are difficult to obtain, 


then only after considerable delay 


replacement cost may be eliminated 


simple repair method, commonly referre 


to as “‘re-treading’’ the old grouser 
quickly and economically without | 
to tear down the assembly 


y 


Bulldog tractor grip-lugs are easily 


tached to the worn grouser-shoe by 


ing on either of the two sizes availal 


Its exclusive and specially designed gt 


and bevel permit the weld to grip th 


tread material more firmly t 


al 
hape Made of a special work harden 
tecl, it becomes harder and tougher 
use and in most cases they have 


known to outwear the original grou 


the shoe 


For details address Allied Steel Prod 


Inc., N.B.C. Building, Cleveland, O} 


i, 
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BATTELLE TO RECEIVE DISTINGUISHED 


ORDNANCE AWARD 


For outstanding contributions to ord 


ance progress during the course of the 
war, the War Department has granted the 
Ordnance Distinguished Service Award 


to Battelle Institute, Columbus, Ohio, r¢ 
irch organization 


Word of the r nition was received 


ym Major L. H. Campbell, Jr., Chief of 
Ordnance, who wrote Battelle Director 
Clyde 


William 


1 
i 


cog 









It is my pleasure as Chief of Ordnance 
of the Army to tell you on behalf of the 
ance Department that I am most 
grateful for the outstanding contributions 
he Battelle Memorial Institute has made 
to Ordnance progress in this war Che de 
gree of that progress is best shown by the 
uccess of our fighting forces in all theaters 
of operations 






lo attest the appreciation ol! the De 
vartment for the splendid services of your 


Institute, I wish to present to the Institute 


Ordnance Distinguished Servic 
Award. It is a diploma bearing the tra 
ditional seal of the Department and i 
iwarded in recognition of scientific and en 


Battelle Institute has been actively 
gaged in research for the Army and Navy 
ind other governmental war agencies since 
the early days of the war, according to 
Director Williams. It has conducted re- 
search for the Ordnance Department, the 
Bureau of Ships, the Army Air Corps, the 
Watertown Arsenal, the War Production 
Board, the Defense Plant Corporation, 
the Office of Scientific Research and D« 
velopment, the National Defense Re 
search Committee, the National Academy 
of Sciences, and others Numerous re 
ports on scientific developments have been 
issued to military and other governmental 
authorities, and Battelle development 
have been incorporated into the machines 


and production processes of wat 


REBUILDING WORN VALVES 


How to Rebuild Worn Valves by Hard- 


y 
facing’’ is the title of a recently announced 
12-page book of special interest to fleet 


operators and others whose maintenance 


problem have been iggravated by in 
ability to secure replacement valves for 
internal combustion engin 

The book groups wor valv into thr 
group those not badly burned or gut 
tered those vi h hay ta too 
badly guttered, pounded or burned to pet 
lit reclamation by gr and st 
vhi have deeply burned area t 
and cracks Most of the text of th )OOK 

als with reclamation of the latter two 
groups, which ordinarily would be re 
placed, by building up the worn faces and 


other areas with special hardfacing ma 


terial applied by means of oxyacetyl 


tore h 


Complete instructions ar given for 


cleaning and inspection of the valves for 


cracks, preparation for hardfacing, ap 


plication of the hardfacing metal and 






THE WELDING JOURNAL 


Copies nay be obtain«s 
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or worn-out tools and 


nded life in service 


1as been found fron 


broken and worn 


sequs ntly Causing a Mlinimut 


and reduction in the 
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by motor 


For routir 
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used. Spe 


For mor 
constant: 
constitut: 
the high 
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YOU 
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the Lave Camera is used for the observation 
of preferred orientation of grains or fiber 
rextures and the study of cold work and 
recrysta lization. 


cal Laue Camera Diffraction 


ttern: shows preferred orientation 


The Back Reflection Camera is used for 
precise measurement of lattice constants, 
measurement of surface stresses, observa- 
tion of distortion in crystals and the deter- 
nination of composition of solid solution 
alloys. Sample and film may be rotated 
by motor 


Typical Back Reflection Camera 
Diffraction Pattern 


for routine identification of substances or 
unknowns the 70 mm. Powder Camera is 
ysed. Specimen can be rotated by motor. 


Typical 70 mm. Powder Camera 
Difraction Pattern. 


for more precise measurement of lattice 
constants and the determination ,of alloy 
constitution diagrams, and for studies where 
the highest resolution is required, the 200 
mm. Powder Camera is used. Specimen can 
be oscillated or rotated by motor. 


200 mm. POWDER CAMERA 








. 99 
200 mm. Powder Camera Diffraction Pattern. cor ’ gine” vee O 
/ +} x \e Pr Q 
‘ole the greater resolution of lines as compared cKER x-RA out 0° pind 
th # \ ye . ae*® 
70 mm. pattern of the same area above. , a 
, ple —- \ 
pier < ane (ne 50) 
— ot Att oo"? 4 
mn: out 
YOUR LOCAL PICKER ENGINEER IS AS NEAR al neem * 
- aN 


AS YOUR PHONE — OR USE THIS COUPON we 
™ * COMPANY att 












































WELDING CHART 








CALIFORNIA STATE DEPARTMENT OF At th ) is an ‘antique 
EDUCATION industrial X-ri built 








f weldit mmhoal j bh 7, 1 . . . in ‘ n an tal 
| welding ymbpDol recommended i Ha , rir SuUTHMiN 444 is 

> : — ‘ - Z ted on a Ford motor tr 
\merican Standard by the AMERICA pp., ill State Director of cational ; 

O tI tion 
alae Cinta tale Sens ‘widen Traini eee may oduction pa 
VELDING SOCIETY, has een publi a lraining fo Wa Produ 0 Worker ‘ 1 1 

; t : : i ain the pot | hot 
Troy, Ohio stats Department of Education, Library I 






al language of the welding ind Courts Building, Sacramento 14, 








: cabinet rhe 1944 unit 
ndustry is illustrated separately for Call single copies $1 , or mort to t irly effort | 

Oo ne earl ello l ont 
} ld > ; oni Ss] 1 each Ly 
Fusion Welding, for Resistance Welding, pi! A cach variety of desig ed 
ind for those requiring both Fusion and mand 
Resistance We Iding The location of the 3 Kelley kK t il 
Symbols, numerical and other data on the | 





reference line always has definite signifi STREAMLINED REFINEMENTS IN X-ray and flu 
ance and this is illustrated to show thi INDUSTRIAL APPLICATION trial uses and the co 
an r I nner ¢ placing proper in OF X-RAY UNITS of making indu trial te ti 
feyry ‘ , n th ni ] j 
nat bols and speedier than pre 
Wartime research applied to X-ray day 
units for industrial application ha 











brought about a streamlining in design 


and technical improvement illustrated MACHINERY AND WELDER 
tar Gnmettew somemenpe of the Hectemerp graphically in the photographs howing TION BUILDING 





DON'T GUESS! 2. bre 0 tour tamprtcring tah 
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the progress made in a decads 






rhe Machine 











move to its new 
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[Twenty-three typical welded joints and 
sections, covering butt welds, lap welds, 
tee welds, corner welds and edge welds, 
are well illustrated and marked with the 
standard welding symbols applying to that 
particular joint or section 










Airtherm Manufacturing ( 
Mo. Its roof 


cation, ease ol onstructior 















we Ide d 
Machinery and Welder 


distributors for the General | 








These symbols provide the means of 
placing complete welding information on 
the drawings and the Hobart Welding 
Symbol Chart, printed in three colors on 


heavy paper suitable for hanging on thx 








wall of the drafting room and welding 


booth will be sent without charge to di 


well as gas welding and cutting 





and electrodes, and its servi 










igners, inspectors, welding operators and 
others concerned with the safety an 


resistance welding field. 


efficiency of welding fabrication. 



















FROSTRODE PRODUCTS MOVES INTO 
LARGER PLANT 





In order to meet increased demands for 
industrial refrigeration equipment by in 
dustry, Frostrode Products has moved to 

1 larger plant at 19929 Exeter, Detroit 3 es 
Mich. The new plant facilities will permit rok 


stepped-up delivery schedules on Fro ‘ 

trode refrigerated welding units, the com oe 

pany’s line of Frostpoint resistance-weld ‘en 

ing electrodes, Frostrode coolant coolet = 

low-temperature cabinets and cold-treat r — ‘ 

ing equipment, as well as earlier produ \ 
tion on new and improved products undet QUINN nae \ 
development at the present time a Mankeeete whom 
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ble at right shows typical cost reductions 
possible by carefully selecting the largest size 
practical for the job at hand. This accurate 
takes into account all factors such as labor, 
power, electrode costs, etc. Note the pro- 
ressive lowering of cost as electrode size is in- 


one reason why WSR (Welding Service 

Range) is so important. It tells you exactly the usable 
velding current your machine will deliver, from 
mum to maximum. You know what size elec- 


eeeeeae 


trodes you can properly handle. 


ample capacity of P&H Welding machines is 
» to their more liberal use of copper—more effi- 


ent operation. Start now to speed all kinds of weld- es OUI Siiladn nto Snell fa Seino. 0 Slteaetiin 










; work—and cut your welding costs. Ask about the dle all sizes of electrodes from t all with a 
NSR rating for the P&H Arc Welder most suitable gle heat control. “Visi-matic’ Calibration enables th 
erator to select the exact current required for eacl 
for your class of work , : rip lata 
i iree Das jrouy ol electrodes 


WSR (Welding Service Range) ratings are 
given for all P&H Arc Welders. Ratings are 
based upon the actual < uty it of each ma- 
chine, enabling you to buy more wis n 
the basis of cost per amper 














al Avenue Milwaukee 14, W 
Ask also about P&H Welding Electrodes. co TION 
available in all sizes and pes for production and main ARC WELDERS - EXCAVATORS « a woroes HOISTS - WELDING oat 
tenance welding. Send for literature. 





Canadian Distribution: The Canadian Fairbanks-Morse Co., Ltd 
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NEW PRODUCTS 





The Society assumes no responsibility 
for the validity of claims in this Section 


PRIMING AND DESCALING 
NOZZLES 





NEW METHOD OF HARI 


Che new Victor Standard Descaling At 







: br =e | 5 ee 2 SUGAR-CANE MILL KN 
ichment is easily attachable onto any by Progressive Welder Co., th Y 

undard Victor welding torch butt It be show it Cleveland will permit p \ — ' 
an also be furnished with torch butt to forming of welding operations heretofor , — ss 
those who are not owners of Victor equip considet practica Ch ing lif , 





altit 





















pec | In addition to the radically new re sharpe ning Phi nea 
welding equipment, one of the contribu recovery of cane siruy 
ting factors in making the latter opera lost wh } ure ut 
tion possible is an entirely new develop it is crushed by a dull knif 

nt in seam welder wheel design orig lhe knife, pre t tee 
inated by Frostrode Products, 19929 an i , é; € hard 
Exeter, Detroit 3 This wheel, it i ta <pe - 
understood, is internally refrigerated, re eu ‘il ate by arit 
juiring no external water supply, and ha machine sho] Vet 
i replaceable rim, reducing wheel renewal self . ‘nc 2 
ost when the wheel is worn. It is thu . h sides weat 
imilar to the replaceable caps on Frost co , 

0 Nant KIV¢ ry 








point spot-welding electrodes previously 
availabl 





to handle with greater efficiency 


















Stell yvalt-chro 1mm-t 
the larger gas volumes required for thi facing alloy is applied to tl 
operation WELDALENE, A NEW FLUX his layer is covered w 

2 his mixing device virtually assure teel by oxyacety 
freedom from backfire or flash-back Manufacturers of coated welding rod el uil » by 

3. In order to keep premixed gases bi we invited to investigate the possinuts process to fill the remain 
low ignition temperatures. even within of a new addition to Foote Mineral Co After the edge is shar 
the proximity of ies sien Gncih-neil di comprehensive list of welding fluxes 15° bevels on both sid 
flected heat, an lrradiator aluminun known as Weldalens . is ground flat and is ready | 
ooling section is incorporated at th Weldalene is not ‘‘just another’’ flux Previ ff | 
1ozzle head It is believed to fill a long-standing gap in th knive isted « 

, Replaceable Meehanite skid sho fluxing materials Among its properties, both sid t ly on I 
vith properly shaped lugs add substar uggesting use in mild steel and stainl Eyes Cams Sey ’ 
tially to wearing life of the nozzle an rods (A D.C.) 3 id id | “ 


Consequently, 






pal 






Weldalene is an active flux over 






of temperature, 

wl h sug i meanc 

which uggest a means of con 
| 


‘ ‘ lie 
UNIVERSAL RESISTANCE WELDER ee OE res 
2. Weldalene i ilica hungry It 
"ratio of alumina to silica is 24 to 
in resistance welding in many 60°>, indicating that Weldalens 
years will be announced at the Metal by reacting 
Show in Cleveland, October 16th to 20th, 






One of the most important new de 
velopment 







with free silica—may 


reduce silica included in weld 
by Progressive Welder Co., 3050 E. Outer metal 

















E’LL LET YOU IN | 
ON THE SECRET OF |iimEe 


THIS WEAPON 


y 

Wren the war started, everybody — including 
the Axis—was sure American industry couldn't 
build enough high-pressure vessels to produce the 
immense quantities of explosives: necessary for 
waging global war. There just wasn’t enough forg- 
ing capacity available to turn out these giants, but 
Multi-Layer welded construction, pioneered by the 
A. O. Smith Corporation, solved the problem. 


What does this mean to you? Just this: if you do 
big, tough welding jobs, we can supply you with 


Mild Steel 


ought Ter Wet 
we yots oed quis M made by 
pre war 8 oy 


SMITHway Welding Monitor cuts the time 
of training welders as much as 33\4' 


or 


MILWAUKEE + WI 


High Tensile 
WELDING ELECTRODES 


SMiTHway Electrodes in action on 
for a SMITHwoy Multi-Layer Vessel ( 
fter machining); 42 inches in outside 


ich woll thickness 


a war plant at 4,500 p 


the same kind of SMITHway Certified Welding 
Electrodes that we use in the production of some 
of the world’s largest, most exacting welding jobs. 


SMITHway Certified Welding Electrodes ar« 
the best that money can buy because we have a 
double interest in making them right. No other 
electrodes go through as thorough production con- 
trols —are so scientifically checked and rechecked 
both in the laboratory and on the production floor. 


The code number on every box of SMITHway 
Certified Welding Electrodes is your assurance 
that they will give you better welding results at 
lower costs on the big jobs that you and we call 
upon them to do. Specify SMITHway ¢ ‘ertified 
Welding Electrodes. Made by welders — for welders 


and Stainless Steel 


SMITHway AC Welding Machines reduce 
spatter, completely eliminate “‘arc blow.”’ 


In Conada—JOHN INGLIS CO., LIMITED 
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‘ ! 
rhe new design, which also employs more definitely and is not affected when exposed SMALL 
wear-resistant type of hard-facing alloy to light. A mode 
than that formerly used, corrects this 





BUT VITAL TO VI 











st amount of Merix, ap 
plied to any glass surface with a soft cloth 





Mary Curtis spot welds 















; an ultrahigh frequency tra: 
condition, maintaining at all times an edge or cotton batting, forms an invisible pro +} t tl Dobt . 
: c F . . ogetner a trie obDD err 
no thicker than the alloy deposit tective film which keeps surface free of ee: . * 
ie ; ’ ; North American Philips ¢ 
In addition to maintaining balance and mist, fog or steam for indefinite periods . 
2 z > : , for such tubes consist of ma 
i sharp dge, hard-facing alloy appli 1 by Ideal for windshields, goggles, eyeshields, Leial t | ‘ 
. 2 4 whicn mu i AlIZTI pert 
tl method can be extended to a greater camera lensé¢ optical airplane instru 
- - Wise mmunications equi 
depth witl the blade at the points ol nents and any other glass or plastic sur 











- . ghting mi will not fun 
greater wear, thereby compensating fo! face where temperature variations between 





, fog or team 





IMPROVED SOLDERING STAND Photo Co., Dept. 95, Wrigley Buildi 


Chicago 11, II 













I iew model SS1O Sold 









Specialty Corp. of 


embodies changes in 





the design and construction for greatet 











protection against injurious fumes, hand PORTABLE WELDING GUN BREAKS 
fatigue, eye strain, et increasing soldet BOTTLE NECK | ompany is also 
production and efficiency ray tuhes. quar ory 
: S510 Soldering Stands are being widely Helping to overcomes Manpowe! hort e] tron measuring i 
by many of America’s most moder ges and speeding the delivery of cookir X-ray equipment (medical a 
<luction line In almost every case ranges to the Army, Navy and U. S. Mari for war purpose 
they are now in use additional unit time Commission is the production recor 
ing employ is rapidly as facili of this heavy-duty portable spot-welding 
ties a ICT gun installation at Washington Stov 
Works, Everett, Wash Lhe 





installa LOW-COST GROUND Cl 
tion was developed and produced by Pro 
ore iV Welder Co., 3050 E. Outer Driv A new ground cla pt 
etroit 12, Mich. it only $1.50 ha 







=f : by he Lincoln Electri 
Lf e assemblies were formerly riveted ‘ ' . . Q 


proc requiring 1'/, hr. or longer 






body of a large range is too heavy 





conventional statior 





permit maximum treedo 







for work passing, enable the operator to 

focus attention on the soldered joint by 
ins of the magnifying or plate gla 
indow thus quickening the pact of 











rocessed steel frame with dura 





oldering by elimination of all lost motion 


















onductor ind contact 
For further information address Depart weichs only 1 lb.. has a 
ment SS, I Specialty Corp., Bergen pread of 2!/s in. and a rating 





NEW ANTIFOG COMPOUND 





Annual Meeting 










Merix—-a new antifog liquid compound 
that prevents the forming of must, fog or 


American Welding Societ 









am on any type of glass or plastic sul 


Hotel Cleveland 






face Now available in large quantities, : 
this antifog preventive has been a boon to Washington Stove Works plans to uss Oct. 16-19 
industries where large amounts of plasti this same type of portable welding in 





and glass surfaces are in constant use. It stallation to produce and improve th Cleveland, Ohio 
is easily applied, lasts a long time, is non- quality of its commercial ranges for post 
inflammable, nontoxic, nonacid, keeps in war 
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Outstanding Features of 


front. WELDER CONTROL 


SIMPLICITY! Only simple magnetic relays and pneu 


matic timing units are used in the assembly of Safront 













Weld and Sequence Timers. Circuits are conventional 


easy for the electrician to understand and servic: 


x 








Individual pneumatic timing relays govern each step 










in the resistance welding cycle. Operation is based 
on the interval required to transfer a small volume 


f filtered air from one chamber to another, through 





1 regulated orifice. 


pee eel 
= 
Oana * OE St ee 


am 

















ACCESSIBILITY! Loosening two screws permits 
wing-out of the Safront timer panel. Control relays 
timing relays, terminals and wiring are instantly ac 
cessible for inspection or maintenance. Coils, contacts 
ind all renewable parts may be replaced, in a mat 2 a 
ter of seconds, using only a screwdriver and pliers 

~*~ * * 


Standard types of Safront timers are available t 

meet practically all resistance welding requirements 
Safront construction places all electrically live parts 
behind a protective panel, yet provides large cali 
brated dials with knurled adjusting wheels in front, for 
tinger-tip adjustment of individual timing periods 
Write for Bulletin 8991. Address Industrial Controller 

Division, 4041 N. Richards St., Milwaukee 12, Wis. 
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Build up worn surfaces quickly 
--- ata fraction of replacement cost 


It’s hard to imagine any kind of industrial equipment taking 


than a spiral feed screw. Under tons of wet coal or in a hot ash pit rrosivt 


Here’s the answer to 
how, when and why... 


and abrasive action are ever-present. To a well known mid-western rail: 
shop, continual replacement because of worn outer edges proved n 
expensive but unnecessary. Bronze Surfacing was found to |! 


more economical 


Welding rods such as “997” Low-Fuming and Tobin Bronzs 

used with the oxy-acetylene torch to deposit high strength, den 
weld metal on cast iron, malleable iron, steel and copper alloys. By 
ing-up process many shops are daily saving countless dollar 
worn parts and industrial equipment :—Sheaves, pulleys, bushin 


ings, pistons, impellers and pump parts, stripped threads an 





teeth, thrust plates, hubs, flanges, parts machined undersiz: 

e American Brass Com- 

pioneered in the devel In addition, low temperature Bronze Welding offers a ready 

pment of Bronze Welding . 

i has a suitable rod for al- ing broken or fractured production equipment and machine tools. N 

i every gas or electric P ~ 199 
Bronze Welding purpose. “Don’t Scrap It—Bronze Weld It! 
Anaconda Publication B-13 
l ribes these rods and sug 

isis Siimetibantle Gof eit ene THE AMERICAN BRASS COMPANY 


4 copy is yours for the asking 


+ 


General Offices: Waterbury 88, Connecticut * Subsidiary of Anaconda Copper Mining Compan 


In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont 


“i Anaconda Bunge Welding Kods 
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Lhe 


ield on 


second Annual 
August 
the 


Golf match was 
l6th, but due to the gas 
extreme urgency of business 
ind particularly the rain, the attendance 
Wa 


hortage 


not all that could be hoped for. 


YOUNGSTOWN 


rhe newly elected officers for 1944-45 
ire as follow 

Chairman, Arthur W. Waldo, Youngs- 
town Welding & Eng. Co.; Vice-Chair 
man, A. B. Alexander, Standard Boiler & 
Plate Iron Co.; Secretary-Treasurer, H 
Ross Strobecker, Youngstown Welding & 
Eng. Co. Executive Committee: Lt. D. 


E. Dallman, T. J 
Heltzel and W. M 


Featheringham, C. J. 
Tam 





BOSTON 
Barrelle, Almond, (B), 526 Statle: 
Bo ton, Ma 
Bastante, Alejandro M., (B) ,410 Memo 
rial Dr., Cambridge 39, Mass 
Hoehler, Alfred E., (B), 26 Earle Rd 
Wellesley, Mas 


White, Edmund A., (B 
Weymouth, Ma 


Wiseman, Elton J., Stone & We er 
Eengrg. Corp., 49 Federal St Bo 
Mas 

Wolfe, Philip H., (B), 734 Plymo 
\bington, Ma 

CHICAGO 
Boese, William G., (B W. | 
Michigan City, Ind 

Martin, Howard, Morri 

Hammond, Ir 
CANTON 

Bryan, Henry B., (C), 109 W. Franklin 
St., Trov, Ohio 

Nalley, Buell M., (C), 904 Kent I 
Proy, Oh 

CLEVELAND 

Allen, R. W., (C), The Firestone Tire & 

Rubber Co., Akron 17, Ohio 


Bosomworth, G. P., (B rhe 


: Firestone 
rire & Rubber Co., Akron 17, 


Ohio 


Coats, Harry P., (B), Firestone Steel 
Products Co., Akron, Ohio 

Erb, Carl M., (C), The Firestone Tire & 
Rubber Co., Akron 17, Ohio 

French, Joel, (B), 3977 W. 224th St 
Cleveland 16, Ohio 

Hansen, J. A., (C), Gun Mount Div., 
Firestone Tire & Rubber Co. 1200 


Firestone Pkway., 
Hardnack, Louis M., 
St., Cleveland, Ohio 
Harrison, Ralph C., (C), 

Blvd., Lakewood, Ohio 
Miller, John L., (B), The Firestone Tire & 
Rubber Co., Akron 17, Ohio 

; 1277 E 


Akron 17, Ohio. 
C), 1209 E. 113th 


1261 W. Clifton 


Spillar, Frank J., (B), 
Cleveland, 


133rd St., 
Ohio 






Brady, James, (B 
Clark, Basil L., | 


Felber, Victor L., 


Employment 
Service Bulletin 


SERVICES AVAILABLE 
A-483 


piping fabricating by gas 
Good it 


Welding | 


Pri 


oreman 
and electric arc 


sure 


estimating, layout, supervising 


and training, and organizing 


years in welding game; 
trious 


Cwenty 
and indus- 
At present employed as 
foreman in New York State, 
tor 


sober 
a welding 
but looking 
a similar position somewhere in New 
England, preferably in New Hampshire 
Temporary war work would’ not be con- 
sidered 

A-484. Fifteen 
the welding field 


years’ in 


government 


ex pe rience 


welder, 


as 










List of New Members 


August 1 to August 31, 1944 


CONNECTICUT 


Kroto, Stanley G., (B), Rolock I: 
field, Conn 
Pennington, H. A., (C), 61 Buet 


Rd., Bridgeport 4, Conn 

Schneider, Edward A., C Chan 
Vought Aircraft Corp., Materials & 
Process Dept., Stratford, Conn 


DETROIT 


B), 199: 
Detroit 5, Mich 


Chase, Reginald, 
Ave \ 


Hopkins, Tal, (B), 7739 W.: Ei M 
Rd., Detroit 21, Mich 

Jaffe, Robert, (F), 528 M gan H 
Ann Arbor, Mich 

Johnston, Thomas, (C), 16197 Roselawn, 
Detroit 21, Mich 

O’Grady, James A., (A), 4001 Beaufait 

Ott, John T., Hudson Motor Car ¢ 
12601 E. Jefferson Ave Detroi i 
Mik I 

Wetherby, B. R., (A), B. R. Wetherby 
Co., 403 Donavan Bldg., Det: 
Mich 

LEHIGH VALLEY 

Grebe, Karl A., (C), Lehigh Structural 
Steel Co., Foot of Allen St., Allentown 
Pa 

Frantz, Chas. F., (( Lehigh Structural 


Steel Co., Alle ntown, Pa 


Newmann, George J., (B), 322 N. 29th 
St., Allentown, Pa. 
Osha, W. C., (B), 1021 | Front St 


Berwick, Pa 
Patterson, W. L., (¢ 

Allentown, Pa 
Philips, Olin H., (C American 


Foundry Co., Berwick 6, Pa 


1939 Cedar St., 


Car & 


LOS ANGELES 


, Waldrip Engrg. Co., 
11810 Cénter St., Hollydale, Calif 

3), Standard Steel Corp., 
5001 S. Boyle St., Los Angeles, Calif 
C), 1471 
Dr., Los Angeles 35, Calif 


Sherbourne 


984 


instructor, loreima 


ent 


,a 


familiar with mac 


l nt 
} 


Lite 


hor 


two and a half years of Universit 


1es Ad 


Capable 


or related divi 


101 


of 


organizing prt rductior 


position in N 
abl 


assuming 
bilities of all types of welding a 


uch a 


POSITION VACANT 


V-148 


and experienced in 


do laboratory devel 


ice work for an « 
excellent postwal! 
portunity for ¢ 
New York City 


Hesley, F. D., (B 


P.O. Box 


Welding 


Kas ¢ 


ot 
i} 


men 


} 


sibilitic 


, Todd Ship 


and ar< 


lanl 


(and 1 
ential war indi 
po 


xserviceman 


Val 


1, San Pedro, Calif 


Mallory, J. y Jr., Ens., U.S.N.R 


Ship Repair Unit, Navy 140 
Post Othics Francisco, ¢ 
Steen, J. W., 5HSt 
laft, ¢ lif 
LOUISVILLE 
Dettmar, William, \ 
h 4 ris. 2 Cent Ay 
S, Ky 
Miller, Lloyd M.., I 
MILWAUKEE 
Allen, D. B., (B), Box 19¢ 
Baldt, Otto, (C), 2344 N. | 
watkee, Wis¢ 
Petushek, Anthony, (C ; 
t., Milwaukee, Wis« 
NEW JERSEY 
Bruno, Stephen, (C 14 Fairy 
Woodlyn, Delaware Co., Pa 
Crawford, C. A., (C), 3-15 Ha 
Warren Pt., N. J 
Davis, Norman, (C herma 
120 Arlington St., Newark, N 


Ellis, Steven J., (B), 


237, Keyport, N 
Hussey, Albert R., 
Lyndhurst, N. J 


30x 83, Pa 
Hourahan, Cornelius D., (B), 


J 


i> 


Loehnert, Arthur, (( 


Lyndhurst, N. J 


NEW YORK 


Bandini, Robert H., 
Flushing, L. 

Barkley, Wm. O., 
Steel Co., 17 
N. Y 

Forgan, Robert C.., 
Sales Co., Ar 

Knapp, Allen, (C), « 
Co 

Kulbitsky, William, 

Brooklyn, N. Y 


C 
Se. ee 8 


, 47-21 


, Lehigh Str 


Battery 


2) 
cwelding 
E. 42nd St., New York, N. Y. 

o Air Reductio! 
, 60 E. 42nd St., New York 1% 
C) 


Pi., New 
Air Re 
Sales D 


134 


E 

























PACK UP YOUR CASTINGS 
IN YOUR OLD KIT BAG= 


AND HAVE THEM 


MOT 
AT THE 


NATIONAL METAL CONGRESS 


How can you be sure your Castings are free from 


porosity? How can you know they contain no blow-holes? 


The only way to tell is by seeing and checking with 
X-RAYS. It takes an imterior view to reveal the truth about 


castings. 


So bring your castings to the National Metal Congress 
Take them to Booth D-314. See them fluoroscoped in 
KELEKET’s new conveyor cabinet built for continuous non- 


stop imspection. 


See you at the National Metal Congress. Don't forget 





your castings! 










P.S. Also preview the last word in industrial radiography 


—to be announced at the Show — Booth D-314. 











MELLEY-KOETT <i2> MFG. COMPANY 


21810 VEST FOURTH ST., COVINGTON, KY 
PIONEER CREATORS OF 
QUALITY X-RAY EQUIPMENT 

SINCE 1900 , 









ADVERTISING * 





OKLAHOMA CITY 
Coz, R. E., (( f , a a th. O 


ia 4 \ ()} 
Duncan, Ben A.., (¢ | 2 ( 
() 


Fishburn, Sam 


Hays, F. J., 
Hotchkiss, Ed.,. 
House, Denver R . 


Kuchynka, Albert, (¢ 
(Jk i i\ \ (JK] 
Moeller, Wesley H., (<( 
. () ( vy. () 
Schlire, John C, (( 


()klah y. ()} 


PASCAGOULA 


Bruce, J. L., (¢ | 2 P 

Faulkenberry, C. H., (( 12 Willi 
~~ Ps igoula M 

Hartfield, James C., (C), 921 Buena Vi 
ot Pascagoula, M 

Hopkins, Frank R., (¢ 104 E. Tyler 
AV Pascagoula, Mi 

Hosey, Fred H., (C), Box 248, Ki 
Mi 

Judy, E. M., (( HOS sth P 
goula, Mi 

Knight, J. C., (¢ 1204 E. Lincoln A 


Pascagoula, Mi 

Martin, J. H., (C), Box 607, Pascagou 
Mis 

McCann, John H., (¢ ~5—lith § 
Pascagoula Mi 

Mize, J. L., (C), 918 Washington Av 


Pascagoula, M1 


Smith, David C., (C 117 Cherubusco 


St.. Pascagoula Mi 
Tipton, Edward J., (¢ 
Mi 


PEARL HARBOR 


Moffatt, Charles L., (C), 720-B Kamoku 


St., Honolulu 36, T. H 
Russell, James E., (B Apt. S-2 808 
l6th St., C. H. A. 3, Honolulu, T. H 
Weston, John A., (C), 836—17th Ave 
Honolulu 14, T. H 


PEORIA 


Bartel, Leonard R., C), 1403 Elli 


Peoria 5, Ill 

Cornet, Marion G., (C), 4400 Knoxvill 
St., Peoria, Ill 

Rench, Ray M., (¢ Edelstein, Ill 


PHILADELPHIA 


Chalmers, Russell F. (B), P. O. Bo 
Oreland, Pa 

Fry, Alfred G., (( 6521 Edmund St 
Philadelphia, Pa 

Hopper, Clarence H., (( J. G. Brill 
Co., 62nd & Woodland Avs 
phia 42, Pa 

Isbrandt, R. H., (C), G & A Aircraft, 
Inc., Pitcairn Field, Willow Grove, Pa 

Lutzo, John, (C), 2253 S. Bucknell S 
Philadelphia 45, Pa 


Schantz, Orville O., (C), 2118 Washing 
ton St., Wilmington, Del 

Stewart, Floyd, (C), 620 W. Front St 
Wilmington, Del 


, Philadel 


PITTSBURGH 


Campbell, Olen, (C), 214 Orchard Lan 


Sewickley P. Q., Edgeworth, Pa 





986 


Dunn, James A.., P.O . 
brids | 

Ehrhardt, Paul T., (¢ 6; Thomas Av 
art I I \ 

Franklin, V. A., ((¢ | i 
( At rids 

Hull, Curtis R.., 

Pove Vv, Adolph Pp ’ 
P P 


Sexauer, Guy W.., 

Co., At rids ¥ 

Sutter, John, Jr., 
: VP 


PORTLAND, ORE 
Dickinson, Roy I 
Duff, Ja‘ k 
\\ ' ( 


Edminster, = 


I 18 y 
Por . () 
Gilmer, Merritt A.., 
Gouldsmith, Cecil L., (| 277 N. VW 
Irving, Portland O 
Hambro, Stanley P.., 
, Portland 9, Or 
Lukens, George G., (13), 905 N. W 
Pesznecker, S., | ( SO5S E. Ogden $ 
Portland, Or 
Taylor, Marvin, (1 Al 
Broadacrs St Vanport City, Port 
Or 
PUGET SOUND 
Davis, Roncisco H., (C), 146S.! 


Bremerton, Wash 
Greco, Joseph R., Lieut., (( A. P. ( 
YS6, c/o Postmaster, Seatt! Wash 
Hammersberg, Glenn, (BB), 9218 Mathew 
Ave., N. I Seattle 5, Wash 
Harrison, Claude H., (¢ N 
Wash 


Ohler, Bud, (¢ Bud Welding Supply & 


Service, 944 Mark: St | 
Wash 


ROCHESTER 


Raudebaugh, R. J., (C), Eng. Dept., 
Univ. of Rochester, Rochestet N. Y 








ST. LOUIS 


Andrews, V. E., (B), 933 Tuxedo Bly 
Webster Groves 19, Mo 
Grob, Roy H.., e IS Cimberlake 


Well Mo 


\ } r { 


SAN FRANCISCO 
Dodge, Ralph C., (B), Metal & Ther: 
] (<r 


Corp., and Ave., South San 
Franc », Calif 
Hoffman, Glenn T., (C), USS 


D D583, 
Francisco, Calif 
Shultz, John M., (C 1510 San Joaquin 


St., Richmond, Calif 
SOUTH TEXAS 
Earthman, James, (C), Wyatt Metal & 
Boiler Wks., Houston, Tex 
Morgan, Preston D., (B), Amer. Bureau of 


Shipping Office, Todd-Houston Ship 
bldg. Corp., Houston, Tex 


SYRACUSE 
Dyer, John B., (B), Easy Washing Ma 


THE WELDING JOURNAL 


c/o Fleet Post Office San 


‘oe 
“VTa N \ 
Herron, L. B., 


oOVvracu N 
Kenan, Laurence M 


Se Sens ; 
O’Brien, Harold ] 
Ma e Cor 
Schafer, Harold E 


Seely, Theodore A 


WESTERN MASSACHI 
Bell, William M., 


{) ré l 
Brennan, John J., 
Burnett, Allan, 

Hadley i] 9 | 
Cochran, Ernest, 
Duggan, John J., (¢ 
Orchard. Ma 
Flynn, Robert J., (4 
Fox, George E., | 64 

pri : held M i 
Geoffrion, George r.. (B 

Cornice W} Im 218 

Blvd., Springfield 
Jones, John E., (B 

epringt ld, Ma 
Jones, Thomas P., (| 

Indian Orchard, Ma 
Labossiere, Albert, (B 

ot Indian Orchard, M 
Labossiere, Leo, (|! Mille: 

Ma 
Malcolm, Vincent T., (B 

Indian Orchard M 
Sproat, Andrew T., (3), 144 

Indian Orchard, Ma 
Tefs, Edwin O., (B 184 

Extet Springfield, Ma 


WICHITA 
Vogt, Roy M., 
Wichita 6, Kan 


( Os 





Sedam, Marvin G., (B), Alloy 
N01 E. Prospect $ York, I 


NOT IN SECTIONS 


Becerra, Clefas, (C), 34 O 
Navojoa Son, Me 
Boyer, Charles V 
| ric, Pa 
Brand, Frederik J., (B 
Bath Somerset, England 
Brent, Charles W., (B), Cas] 
137 N. Center St., Casper, W 
Brown, Edwin J., (¢ 250 W 
Erie, Pa 
Couch, M. E., (C), U.S.S. B 


o Fleet Post Office, San 
Calif 
Daniels, George G., (C), 24 J 


Portchester, Fareham Hant 
Gilkeson, Harlon H., (C), Mill 
Grabosky, Stanley M., Sgt., 


R.T.C., Fort Bragg, N. ¢ 


= t 2618 A 


Lakner, Robert, (8B), The Natio 


& Engrg. Co., Ewart Hous 
St., Bombay, India 


Lardge, Howard E., (B), 378 Ro 


Rd., Burnley, Lancs., England 


Phillips, Paul Barringer, (C), 1 


YORK-CENTRAL PENNA 


son Corp., 2625 Elm St., Dalla 













































elf how Lepel In- | 
s hardening and é 

producing supe METALS FASTER, 
BETTER AND MORE 


PARTS —FASTER= 
AT LOWER COST ECONOMICALLY 
Lepel Induction Heating Units 


See for yours 
duction speed 
metal joining, 
rior results. 


HEAT TREATED 









Lepel Induction Heating Units re- 
heating time for hardening . : 
. quickly and neatly jf 
m minutes to seconds and effect 


savings through increased IF YOU CANNOT ATTEND THE 


roduction, elimination of rejects 


rae the use of unskilled labor METAL SHOW — send for latest een — : ~~ - : a 7 


At the same time, fully auto- ' 
sonic sania a eamemeenie cocles catalog describing the operation | ——. hy 
‘dl neti es Maced caeeele and advantages of Lepel Induction 1 the fos n 
FP ne ae “yore Heating. Or, better still, send sam- | bs are so sin plified tha 
costly, mone-too-efficient plat- ples of your parts with specifications 1 y unskille Peale: 


g, Coating and baths. Ir fre As the | 


quently makes possible the use of of the work to be performed. Lepel Pec hos ie ~ yr so 


rt , 
irbon steels to replace higher- 


hr , 

price d alloy steels without sacri- engineers will process the samples row hepa 

hce of physical properties — often “ Zag" "7 cx 
with large savings in machining according to your specifications and eee a . 

Because of the freedom from possidie, « } 

scale and distortion, finishing costs ’ return them with recommendations epeacta ed. Litele 
re minimized and, in many in- 4 a eee oe oe eS 
tances, it is possible to perform and cost estimates. ere”, 
forming and finishing operations ene We Gey & peeermee 
before hardening, effecting impor- t the requirements a the work, 


* there S$ no W t anc runs oO 
tant production economies } i ( iste and ful r 


| } 
hapses are { muNntercs 


LEPEL HIGH FREQUENCY 
LABORATORIES, INC. 
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1110 E 


27th 





Plutowski, Joseph F., (B), Rogers, Leonard D., (C), 318 Wollaton Radio & Engrg. Co., Ewart H 





















St., Erie, Pa Rd., Wollaton Pk., Nottingham, Eng Bruce St., Bombay, India 4 
Rainford, Frank E., (C), Richd. Evans & land Unite, Stanley George, (B), Hu: 

Co., Ltd., Haydock., Nr. St. Helens, Russell, Frank, (| Kevela, Melfort Rd., S. A. (Pty) Ltd., P. O. Box 

Lanes., England Newport, Mon., England miston, South Africa , 


Richardson, Leon D., (B), 


P.O. Box 1711, Knoxville, Tenn 


Safriet, Luther S., Jr., (B), Harlan, Ky 
Sundaram, C. R., \ The N 








Members Reclassified 


During Month of August 


BOSTON 









Jenal, Alfred ({ L) 


L1110nNal 






Upp, Jesse E., (C), Box 702, La 


Aruba Curacadéd, N. W. | 


YORK-CENTRAL PENNA 


Quenzer, William H. 
1510 S. 12th St., H 


NOT IN SECTION 


Minton, 
X\ ‘ 


1 ‘ 
t “1 


Miller C. (from ¢ 





' -_ : ; os St., West New York, N. J 
ge ann, ‘ F., (fro foe 2 Gil Perelka, Joseph (from D to C), 11 Bucl SUSTAINING MEMBER 
vert Rd., Belmont, Ma man St Dunelle " 1 
The Commonwealth Industrial 
CHICAGO a a Limited, 138 Bourke Road, Alexa 
NEW YORK New S lelee 
New South Wales, controls eig 
Hoglund, Bruno A., (from D to ¢ Roth Mastetsian Gaerne. BE idiarv Compani wit leis “oe be 
‘ 11 _ é ein, yEO! - Le iron l if \ — . oe . 
ane 5 ill papi enene ay 3284 Sth Ste Astoria, L. I., N. ¥ manufacture and or sell throt 
cago, - P " 
Siempak, Joseph A from C to 1] Q2 Petersen, Ernst (from D to (¢ Rivet States of the Com alth 
~ S rth St La Caen Til side Dr., New York, N. Y cipal products in the industrial 
: are Oxygen, Dissolved Acetyle1 
COLUMBUS PHILADELPHIA ae onin eg ” _ 
Purdy, John L., (from C to B 33 W Hall, Lewis Ww. from D to B), 29 Harvey In the. welding ld, the 1 
First Ave., Columbus, Ohio Ave., Rochelle Park, N. J the iplete range of E.M.F. A 
DETROIT PORTLAND, ME. chines and Accessories at 
Comws ra of Gas Wel g 
Johnston, James M., (from C to B), 6559 MacGregor, Robert M. from C to B), ng Equiy t. together 
Calhoun Ave., Dearborn, Mich 16 Woodford St., Portland, Me issociate Filler Rods. FI 
Jones, Wm. A,, (from C to B), 4244 . A number of lk 
Nellie St., Dearborn, Mich ITALY =" , , ; , 
Sheren, Keith (from C to B), 6650 Hart PUGET SOUND ss la ; 
_ well Ave., Dearborn, Mic i Stewart, Frank E., Jr. (from C to B 
Stull, Harold S. (from C to B), 112225 Box 58. Renton, Wash 
Saginaw Rd., Box 317, Grand Blanc, a ae . 
Mich SUSTAINING COMPANIE 
ROCHESTER 
INDIANA Hand, Everett L. (from B to C), Gleasor ~ EB <r : 
; ks. 1000 University A 2ocheste pa 8 } ll A 
Dunn, Cecil O. (from D to C), 1604 Louis: be — prerety Ave., 2 IO 
Lefficr, Iesiah, 'R. (from C to Lf King, Harold J. (from B to C), 24 Menlo Ce y li 
ee gg eta ge Pl., Rochester 7, N. Y aute 
(. E. St., Richmond, in Sargeant, John F. (f1 D to C), N uppl 
Main St., Honeoye Falls, N. Y gt ¥ 


KANSAS CITY 














Floyd, Maynard (from C to B), 53801 SAN FRANCISCO i 
Euclid St., Kansas City, Mo Compa 
Shea, Jack (from C to B), Columbian Oltman, Frederick (from D to ( ’ wel illoy ’ 
Steel Tank Co., 1509 W. 12th St., Foothill Blvd., Oakland, Calif ruffalo : ‘4 
Kansas City 7, Mo Palmer, W. N. (from D to C), 949 Hil a ry 
St., Santa Clara, Calif pos ; wer 
LEHIGH VALLEY h 
SOUTH TEXAS Welding ] ‘ . na 


Kreidler, Carl L. (from C to B), 
Structural Steel Co., Allentown, Pa 
Mohr, William H. (from C to B), Lehigh 


Structural Steel Co., Allentown, Pa 


Lehigh 


LOS ANGELES 


Yonker, Earl L. (from D to C 
Bush St., Anaheim, Calif 


113 5 


Carter, R. D., Jr. (from 
Rollei 


D to ¢ 
Bit Co., Houston, Tex 
SYRACUSE 


Harr, H. C. (from A to B), 302 Demon 
Dr., Syracuse, N. Y 


Reed 


o 


ik 


tural Steel Compa 
lentown, Pa., in peace time, fa 

il steel for Building Br 
Radio and Transmis Tower 
present its facilities are used pract 
100°, in work for the 


welding such items a 


structur 


10T1 


Armed Set 


Hulls for G 


TIDEWATER Sherman Tanks, Landing Craft 
MILWAUKEE Derricks, et Among th pr 
Rundell, Loyd E. (from C to B), 84 Nichol- structures welded by ‘‘Lehigl 


Gallo, Werner J. (from C to B), 1236S 
10th St., Milwaukee, Wisc 


son St., Portsmouth, Va 


Nurses Home at the 


Jersey City, New Jersey, on 
NEW JERSEY WESTERN MASSACHUSETTS Sagi ibn alee 


Davis, Earl J. (from D to C), 1217 Walnut 
St., South Plainfield, N. J. 


988 


Peltier, Eugene J. (from D to C), 79 Cher- 


relyn St., Springfield, Mass. 


THE WELDING JOURNAL 


School in New York City, Au 
lerminal Building in New York City 





OCTO 








Medical Center 


I 
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PRPC AM Coeee 6 Cheek COmFawe Omi i) 


STAINLESS STEEL ELECTRODES 


wer w . “oa 
PAGE STEEL & WIRE Bivision 


aet 





AGE 1/7 ELECTRODES 














PA., U.S.A. 












310 








—_ 








Caw CHALM & CORE COMP An 
MONESSEN, PA, U.S.A. 





a 


sia 














CAIN & OGLE COMPO mE, Pee 


MONESSEN, PA., U.S A. 


--- FOR ANY KIND OF WELDING 


for welding Stainless « PAGE offers a complete line of electrodes,developed in 
cooperation with the world’s largest producer of Stainless Steel. Coatings or 
PAGE Allegheny Stainless Steel Electrodes are constantly checked for uniformity, 
so that your good welders can depend upon uniform welds. 


for welding Carbon Steels « PAGE recommends Hi-Tensile ‘‘C’’ Shielded Arc 
Electrodes. For vertical, overhead or horizontal welding of carbon steels, these 
electrodes can be depended upon for welds that pass the most rigid tests 


For better welding electrodes—get in touch with PAGE. 


PAGE STEEL AND WIRE DIVISION 


Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, Portland, San Francisco 


AMERICAN CHAIN & CABLE COMPANY, Inc. 





= 
"A 






BRIDGEPORT - CONNECTICUT —_— = — 








ESSENTIAL PRODUCTS - TRU-LAY Aircraft, Automotive, and Industrial Controls *TRU-LOC Aircraft Terminals » AMERICAN CABLE Wire Rope> 
TRU-STOP Brakes * AMERICAN Chain» WEED Tire Chains: ACCO Malleable Castings * CAMPBELL Cutting Machines * FORD Hoists, Trolleys + 
HAZARD Wire Rope +» MANLEY Auto Service Equipment * MARYLAND Bolts and Nuts « OWEN Springs + PAGE Fence, Shoped Wire, 
Welding Wire - READING-PRATT & CADY Valves « READING Steel Castings * WRIGHT Hoists, Cranes * WILSON “Rockwell” Hardness Testers 

In Business for Your Safety 


ADVERTISING 

















Sec tiONS—CHAIRMEN, 


BIRMINGHAM 


BRUNSWICK, GA. 


Diablo Heights, Canal Zone 


CHATTANOOGA, TENN. 





CINCINNATI, OHIO 


COLUMBUS, OHIO 


CONNECTICUT 





KANSAS CITY, MO. 


Pitz Construction Co., 
Manitowoc, Wis 
LEHIGH VALLEY 
]. W. Kenworray 


923 Commercial § 


Ingersoll-Rand Co 











SECRETARIES, AND REGULAR MEETING DATEs 


LOS ANGELES 


CHAIRMAN DAVID BISBRI 


Co., 4361 
SECRETARY 
ment Co 
LOUISVILLE 


CHAIRMAN 


SECRETARY 


Ky 
MARYLAND 
CHAIRMAN 
Bids Rot 


ECRETARY 


Ednor Road, Balt 


MILWAUKEE 


CHAIRMAN 


feger Corp 


SECRETARY 
& Welder 
MOBILE 


CHAIRMAN 


SECRETARY-TREAS WwW. 


St., Mobile 


NEW JERSEY 


CHAIRMAN Ls 


ni Co B 


ECRETARY 


Drive, We 
NEW YORK 
CHAIRM 


42nd St., } 


Tueopore H. 
ville Boat & Machinery Co., 
WILLIAM 
Air Filter Co 


om 1000 


GILBERT FP 


Tew York 


NORTHERN NEW YORK 


3rd Thurs 


Rheem 


Firestone Blvd outh Gate, Calif 


O. Wirtiams, Victor Equip 


. Los Angeles 4 alif 


Last Tues. 


Lewis, Jefferson 
Louisville, Ky 
DETTMAR 


215 Central Ave i 


t 
s-ouirsvilie 


3rd Fri., except April 


( CUMBERLAND, I 
Baltimore, Md 


REA M H SHAPROW SRO 
more, Md 

3rd Fri 

( BREKELBAUM Harnisch 


Milwaukee, Wis 
Mever, Machinery 
orp., Milwaukee, Wis 


R&EYNOLD ALONZO, Rt ,. Box 4 
Stanton Rd 


Mobile, Ala 
Ketry, 1561 Lulin 
Ala 
3rd Tues 
N. Ni I iter Assoc 
nne ‘ 
G FLOCKE i238 Woodmere 
eld, } J 
2nd Mon 
\ " M \ Red t 
| } t ew York Pe 


»., General Publicity Dept 0 | 


» ‘ 


Last Thurs 


AN, America 


CHAIRMA H omo 
CRETARY R Pri N yeneral | tr 
o., Schenectady, N. Y¥ 
NORTHWEST 3rd Wed 
CHAIRMAN M I Norther 


ECKETARY 
Assoc of 


Bldg., Minnes 
OKLAHOMA CITY 


‘ sahon 
TA} 
PASCAGOULA 
CHAIRMAN \ 


CHAIRMAN 


Tourneau, I: , Peoria, Ill 
ECRETARY HAROLD BALDWIN R G Le 
lourneau, In Peoria, Ill 
PHILADELPHIA 3rd Mon 
CHAIRMAN—G,. R. JOHNNSO> The Lincoln Elec 
tric ) i Broad Philadelphia 8 
Pa 
ECRETARY K. W. Ostrom, 213 Glen Gar; 
Dr., Westgate Hills, Upper Darby P.O., Pa 
PITTSBURGH Middle Wed. 


CHAIRMAN 


Elec. & Mfg. Co 


SECRETARY 


o., 1201 


Pa 


House Bldg 


ALEXIS CASWELL, Manufacturers 
M 


First Thurs 


t P igoula 


PEORIA—CENTRAL ILLINOIS 


Water J 


3rd Wed 


H J&NNINGS Westinghous 
Pitt burgh, Pa 
J. F. Minnotrts, Minnotte Bro 


Hays (7) Pittsburgh 


PORTLAND, ME. 


CHAIRMAN 
land St 


ECRETARY-TREAS 


mouth Foneside Town Landing, Portland 


Me * 


R. SCHWERDTFEGER ; Rich 
. Portland, Me 


PORTLAND ORE. 


CHAIRMAN 
Portland 
SECRETARY 


ciaities Co 


Ore 


PAUI 
940 S. E. 7th Ave Portland 14 


I HaANN, 940 5. E. 7th Ave 
r¢ 


KULLBERG 


990 


American 


nn 200 Builder Exchange 


BrRooKkiIno R. G. Le 


PUGET SOUND 


Last ins 
CHAIRMAN—M. Q. CEeLiers, Rt. 3 56 
Seattle, Wash 
SECRETARY-TREAS.—G. I TAPLEY ter 
Welding Co., 1211 Pine St., Seattle 
ROCHESTER, N. Y. let rs 
CHAIRMAN—EVEReETT L. Hanp, Gleas 
1000 University Ave., Rochester, N 
ECRETARY—HaAROLD J. KING, Uni 
Rochester, Engineering Dept Ro 
N. ¥ 
SAN FRANCISCO L r 
CHAIRMAN ¢ I Doce! M 
Dock Co., Ft. Adeline t., Oaklar 
SECRETARY R. E. LABAGH, Victor | 
Co., 844 Folsom St., San Francisco 
ST. LOUIS 
HAIRMA W I AD 789 
Glendale Mo 
SECRETARY H ( CLose, Mact 
Welder Corp., 700 pring Ave 
Mo 
SAVANNAH 
CHAIRMAN I Ww Ropers, Little | e 
Island, Vernon View, Savannah, Ga 
SOUTH TEXAS 3rd T re 
CHAIRMAN I ( JACI ther 
Line 524 outhern Pacit B 
Texas 
SECRETARY-TREAS 4 E WISLER 
rool Company O Hughes 
lexas 
SYRACUSE 2nd T . 
CHAIRMAN J. Kievcs, Easy Washing . 
Co., Syracuse, N. Y¥ 





SECRETARY 


Im Svracuse, N. ¥ 
TIDEWATER 
CHAIRMAN C. O. Bar 
Port ) h, Va 
CRE ' I I 


Ave., Portsmouth, Va 


POLED 


CHAIRMA I NaI é I 
lu 7 ‘ 1A 
ECR y } ie Ch 
er Road I edo 12. Oh 
TULSA, OKLA 
SECRETARY James B. Davy I 
Labs I Okla 
WASHINGTON, D.C 2nd Tues 
CHAIRMAN H. L. INGRAM “ Air 
val 1823 I t N. W., Wa 
D. ¢ 
ECRETARY (> G LUTHER Naval f 
Lab Anacostia Station, Washingto 
WESTERN MASSACHUSETTS Last M 
CHAIRMA MIU Westir 


x TF 





I 
WESTERN MICHIGAN 
CHAIRMAN—C. La 


630 Gibson St 


'PHBAR, \ Hi 
Kalamazoo, Mik 
SECRETARY—R, D. Layman, The Lin 


tric Co., 200 Division Ave, Grand R 
Mich 
WESTERN NEW YORK ard Fr 
CHAIRMAN Josera Cousins, J]. DPD 
ons Boiler Wks., 667 Tifft St., Buff 
York 
SECRETARY R. S. Lanes, Ross Heater 
Co., 1407 West Ave, Buffalo, N. \ 
WICHITA, KAN. 3rd Wed 
CHAIRMAN —R W TOWNSE?D 
Minneapolis, Wichita, Kan 
SECRETARY M. L. LAmprTon 


sota, Wichita, Kan 


YORK—CENTRAL PA. 2nd W 


CHAIRMAN—~( E. Lewi KeRCH 
No. 1, Thoma e, Pa 
ECRETARY PAU! DRESSEI Dre 
Works, 325 Prospect t York, Pa 
YOUNGSTOWN, OHIO 2nd M 
CHAIRMAN ARTHUR W. WaALpbo, Your 
Welding & Eng. Co., 3700 Oak 
Youngstown, Ohio 
SECRETARY H Ross ROHECKER 


Welding &® En Cx y 


town 


Ohis 









